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PEEFACE. 



The contents of this little book are to a great extent a 
transcript of the notes of my lectures delivered at the 
Royal CoUege of Chemistry during the Winter Session of 
1865-66. These notes have been considerably amplified 
only in the earlier chapters, on nomenclature, notation, 
and the atomicity of elements — ^subjects which, in their 
modem developments, have undergone such profound 
changes as to render their somewhat more extended treat- 
ment necessary to the comprehension of the remainder of 
the book. 

To render the work as concise as possible, all formal 
description of the properties of the bodies treated of has 
been, for the most part, entirely omitted. Such a descrip- 
tion (which is moreover easily accessible elsewhere) would, 
even if brief, have swollen the book to more than double its 
present size. For the same reason I have been compelled 
to treat the metallic elements in a manner which will 
doubtless seem, to many, unworthy of their importance ; 
but their number is so great, that any attempt to give 
more than the names and formulae of their chief com- 
pounds would have extended the work far beyond the 
limits I had assigned to it. My aim has been to classify 
and systematize rather than to describe, and I have endea- 
voured to fiimish the student with a kind of skeleton of 
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IV PREFACE. 

the science, which it is intended he should himself clothe 
with the%already known and daily increasing facts of expe- 
rimental research. To aid him in this, he has the choice 
of numerous standard treatises, amongst which may be 
mentioned Watts^s* 'Dictionary of CJhemistry,' Gmelin^s 
' Handbook of Chemistry,^ Graham's ' Elements of Che- 
mistry,^ Miller's 'Elements of Chemistry,' Odling's 
'Manual of Chemistry,' Gerhardt's 'Traite de Chimie 
Organique,' 'Traite de Chimie Generale' by Pelouze and 
Fremy, Kolbe's ' Lehrbuch der organischen Chemie,' and 
Kekule's ' Lehrbuch der organischfen Chemie.' 

I have often noticed with regret the great amount of 
labour which an earnest student expends in noting down 
the reactions and the names and formulae of substances 
which are presented to his notice in the lecture-theatre. 
He is thus greatly interrupted in following the arguments 
and explanations of the speaker, and he often loses more 
important generalizations in securing a record of details. 
One of my chief objects in the preparation of this book 
has been to relieve him from such distractions. For this 
purpose very ftdl lists of names and formulae are given, 
and a comparatively large amount of space is devoted 
to equations expressing the reactions occurring in the for- 
mation and decomposition of the substances treated of. 

Such being the chief objects of the book, it would 
obviously have been impossible to give in all, or even in 
many cases the reasons which have induced me to adopt 
such views of the constitution of both mineral and organic 
compounds as are either novel or not generally recognized. 
Thus, I am aware that the atomicity which is assigned 
to many of the elements may be called in question ; but 
it is hoped that, in thus giving for the first time a thorough 
and consistent scheme of the combining-powers of atoms, 



PREFACE. 



the advautages of the simplicity of symbolic expression, 
thereby secured, will more than outweigh the evil resulting 
from the few errors which future research may reveal. 

Whilst {he rapid progress of organic chemistry has on 
the one hand enormously increased the number of organic 
compounds, it has, on the other, revealed new relations 
between the diflferent groups of these compounds, and 
opened up many new paths, both from one group to 
another and from member to member of the same group. 
The relative importance of individual compounds has thus 
gradually diminished in comparison with that of the family 
to which they belong; and the time has now arrived for 
recognizing this condition of things, by so classifying 
organic bodies as to make the description of the individual 
members subsidiary to that of the family to which they 
are attached. The student can thus more easily gain a 
general view of the otherwise almost hopelessly vast array 
of organic substances. 

To illustrate important constitutional formulae, I have 
extensively adopted the graphic notation of Crum Brown, 
which appears to me to possess several important advan- 
tages over that first proposed by Kekule. Graphic notation 
affords most valuable aid to the teacher in rendering intel- 
ligible the constitution of chemical compounds, especially 
when it is supplemented by what may be called the 
glyptic formulae of Hofmann. The system of symbolic 
notation, which I have explained in Chapter III., is so 
framed as to express the same ideas, of the chemical 
functions of atoms, as the graphic and glyptic formulae, 
with which, therefore, it harmonizes completely; whilst it 
enables the student gradually to dispense vrith the last two 
forms of constitutional notation. 

I am aware that graphic and glyptic formulae may be 
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objected to, on the ground that students, even when spe- 
cially warned against such an interpretation, will be liable 
to regard them as representations of the actual physical 
position of the atoms of compounds. In practice I have 
not found this evil to arise ; and even if it did occasionally 
occur, I should deprecate it less than ignorance of all 
notion of atomic constitution. 

In conclusion, I have much pleasure in thanking my 
assistant, Mr. Herbert M^^Leod, for his valuable help, 
both in compilation and in the revision of the proofs. 
Mr. M^^Leod has devoted much attention to the consti- 
tutional formulae of minerals ; and most of the symbolic 
and graphic expressions for these compounds are from his 
pen. To my assistant, Mr. W. Valentin, I am also much 
indebted for aid in the laborious work of revising proo&. 
In a book which is so full of formulae, it would be too 
much to expect entire freedom from errors; but every 
care has been taken to reduce their number as much as 
possible. 

E. F. 



Boyal College of Chemistrj, London, 
September 16, 1866. 
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CHAPTER I. 

INTBODUCTOEY. 

Demkitiok. — Chemistry is the science which treats of the 
atomic composition of bodies, and of those changes in matter 
which result from an alteration in the relative position of 
atoms. 

Simple aitd CoMPOTiin) Matteb. — All kinds of matter are 
divided into two great classes, — simple substances, and com- 
potmd substances. A simple substance is one out of which it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, is one which can be resolved into two or more 
simple substances. The simple substances at present known 
are sixty-two in number, and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

Modes op CheMioal Action. — Matter undergoes chemical 
change in five different ways, viz. .— 

1st. By the direct combination of elements or compounds 
with each other. 

2nd. By the displacement of one element or group of ele- 
ments in a body by another element or group of elements. 

3rd. By a mutual exchange of elements or groups of elements 
in two or more bodies. 
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4tli. By the re-arrangement of the elements or groups of 
elements already contained in a body. 

5th. By the resolution of a compound into its elements, or 
into two or more less complex compounds. 

Atomic "Weight. — Chemists assign to every element a 
number called its atomic weigJit This number is made to 
represent, as far as possible, — 

1st. The smallest proportion by weight in which the element 
enters into or is expelled from a chemical compound, — ^the 
smallest weight of hydrogen so entering or leaving a chemical 
compound being taken as unity. 

2nd. The weight of the element in the solid condition which, 
at any given temperature, contains the same amount of heat as 
seven parts by weight of solid lithium at the same temperature. 

3rd. The weight of the element which, in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 

The atomic weight of a compound is the sum of the atomic 
weights of its elements. 

The atomic weights of the elements are given in the Table 
at page 6. 

Atoms and Molecules. — The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

"When an element is isolated, or separated from every other 
kind of matter, its atoms still exist, except in a few cases, in 
combination with each other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
tary molecule. 

It follows from what has been said that the bulk of a mole- 
cule, or the molecular volume of an element in the gaseous or 
vaporous condition, must be the same as the molecular volume 
of hydrogen at the same temperature and pressure, and that 
the molecular weight of an element is in a large number of cases 
twice its own atomic weight. 



MOLECULAR VOLUME. 



The foUowing is a list of those elements whose molecular 
volumes have been determined. 



Molecules containing of the element 


One atom. 
Mbnatomic 
Molecules. 


Two atoms. 
Diatamic 


Three atoms. 
Triatomic 
Moleetdee. 


Four atoms. 
Tetratomio 
Moleeulee. 


Six atoms. 
He»atomic 
Moleculee. 


Mercury. 
Zinc. 


Hydrogen. 

O^gen. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 

Nitrogen. 

Sulphur. 

Selenium. 


Oxygen (as 
Ozone). 


Phosphorus. 
Arsenic. 


Sulphur. 



It will be perceived from the above Table that an element 
may have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law — equal volumes of all gases a/nd va^ows contain, 
at the same temperatv/re and pressarey an equal number of mole- 
cules, 

"With very few exceptions, therefore, the molecules of all 
compounds, no matter how great may be the aggreg*«e volume 
of their constituents, occupy, when compared at the same tem- 
perature and pressure, one uniform volume, which is exactly 
the same as that filled by one molecule of hydrogen. Thus : 

voL voL vols. 

1 of Hydrogen + 1 of Chlorine form 2 of Hydrochloric add. 

1 of Hydrogen + 1 of Bromine vapour „ 2 of Hydrobromio add. 

2 of Hydrogen + 1 of Sulphur vapour „ 2 of SulphurettedHydrogen. 

2 of Hydrogen +1 of Oxygen „ 2 of Steam. 

8of Hydrogen +1 of Nitrogen ,, 2 of Ammonia. 

4of Hydrogen +it of Carbon vapour ,. 2 of Marsh-gas. 

6 of Hydrogen +1 of Oxygen 4-2* of Carbon vapour „ 2 of Alcohol vapour. 

12 of Hydrogen +1 of Oxygen +6« of Carbon vapour h 3 of Amylio alcohol vapour. 

b2 
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Chemical Affinitt.— The force or power which holds to- 
gether the elements of a compound is termed chemical affinity. 
Elements which readily combine with each other, and develope 
much heat on combination, are said to have a powerful affinity 
for each other. The elements which thus exhibit towardf each 
other a great affinity are possessed of widely different properties ; 
and when their compounds are decomposed by an electric cur- 
rent, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the positive pole are termed electro-negative or 
negative elements, whilst those disengaged at the negative pole 
are called electro-positive or positive elements. For reasons 
which will appear hereafter, the negative are sometimes called 
chlorotis, and the positive hasylous elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
iodine. 

The following eight elements are negative or chlorous to- 
wards the remaining fifty-four elements, which are more or 
less positive or basylous : — 



Pluorine. 


Oxygen. 


Chlorine. 


Sulphur. 


Bromine. 


Selenium. 


Iodine. 


Tellurium. 



Although two positive or two negative elements can combine 
together chemicdly, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 
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CHAPTER 11. 



CHEMICAL NOMENCLATUBE. 

The study of every science necessitates an acquaintance with 
the system of names and peculiar modes of expression which 
have been found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

The nomenclature of a science ought to be distinguished for 
its clearness and simplicity; but it is by no means easy to 
secure these conditions in a science like chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. The che- 
mical name of a substance should not only identify and indi- 
vidualize that substance, but it should also express the compo- 
sition and constitution of the body, if a compound, to which it 
is applied. The first of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — ^the mode 
in which they are built up as it were — ^require frequent modi- 
fication. On this account all attempts to frame a perfectly 
consistent system of chemical nomenclature have hitherto been 
only partially successful. 

It has been already mentioned that the number of elements 
at present known is sixty-two. These have received the names 
given in the foUowiag Table, in which the twenty-one most 
important elements are distioguished by the largest type, 
those next in importance by medium type, whilst the names of 
elements which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are priated in the smallest 
type. 



chemical nomenclature. 



Name. 


Sym- 
bol 


Atomic 
weight. 


Name. 


Sym- 
bol. 


Atomic 
weight. 


ALXnaNIUM 

AifTiMOirr 

Aesenic 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

Cl 

Cr 

Co 

Cu 

D 

F 
G 

Au 

H 

In 

I 

Ir 

Fe 

L 

Pb 

Li 

Mg 

Mn 

Hg 


27-5 
122 

75 
137 
208 

11 

80 
112 
133 

40 

12 

92 

35-5 

52-5 

58-8 

63-5 

96 

19 

14 

196-7 

1 

74 
127 
198 

56 

92 
207 

7 

24 

55 
200 


Molybdenum... 


Mo 

m 

Nb 

N 

Os 



Pd 

P 

Pt 

K 

Eh 

Eb 

Eu 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

8n 

Ti 

W 

TT 

V 

T 

Zn 

Zr 


92 

58-8 

97-6 

14. 
199 

16 
106-5 

31 
197-4 

39 
104 

85-5 
104 

79 

28-5 
108 

23 

87-5 

32- 
137-5 
128 
204 
231-6 
118 

50 
184 
120 
137 

68 

65 

90 


Niobium 


"BAWTTTUr 


NITROGEN ... 

Osmium 


BlSMTTH 

BOBON 


OXYGEN 

Paiiadittm ... 
PHOSPHORUS 

Platinum 

POTASSIUM... 

RnoBruM 

Rubidium 

Ruthenium. I.... 

Selenium 

SILICON 

SILVER 


BEOMUJE 

Cadmium 

Ceesium 


CALCIUM 

CARBON 

Cerium 


CHLOBnrE ... 

Chbomhtm 

Cobalt 


COPPEB 

Didvmium 

PLUOEINB ... 

G-lucinum 

GOED 


SODIUM 

Steonttom ... 

SULPHUR 

Tantalum 

Tellurium 

ThaUium 

Thorium 


HTDBOOEN ... 

Indium 


IODINE 


Ibidium 


TiK : 


lEON 


TlTANITTM 

TUKGSTEN 

UEANUrM; 

Vanadium 

Yttrium 


Lanthanium ... 
LEAD 


Lithium 


Magnesittm . . . 


MANGANESE 


ZINC 


MEECUBT ... 


Zirconium 



These elementary substances have been long divided into 
two great classes — metals and non-metals, the latter being also 
sometimes termed metalloids. The metals are by far the most 
nimierous, the non-metals numbering only the following thirteen 
elements : — Boron, Bromine, Carbon, Chlorine, Fluorine, Hy- 
drogen, Iodine, Nitrogen, Oxygen, Phosphorus, Selenium, 
Silicon, Sulphur. 
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The names of the elem^its can scarcely be said to have been 
given according to any rule ; many of them are derived from 
tbe most prominent property of the bodies themselves, whilst 
others have a mythological origin. An attempt has been 
made to distinguish the metals by the termination ttm, as 
potassium, sodiinn, <&c. ; but the common metals, such as gold, 
copper, iron, &c., still retain their original names; and one 
substance, selenium, which at the time of its discovery was 
regarded as a metal, has had no change made in its name, 
although further research has divested it of all metallic attri- 
butes. An important group of electro-negative non-metals — 
fluorine, chlorine, bromine, and iodine — ^have received the termi- 
nation ine ; three are distinguished by the terminal syllable on, 
viz. carbon, silicon, and boron ; and three others have ^en for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, these 
last names being derived from G-reek words denoting the pro- 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodies unite together, they form a 
chemical compound of the first order, to which the name 
hinart/ eompotmd has been applied. The names of tbese com- 
pounds are formed from those of their constituents, the. name 
of the positive constituent with the terminal ic, or some abbre- 
viation thereof, preceding that of the negative constituent, 
which is made to terminate in ide, thus : — 

Potassium and Sulphur form Potassic sulphide. 
Sodium „ Oxygen „ Sodic oxide. 
Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ Chlorine „ Calcic chloride. 

But the same elements frequently form with eacb other two 
compounds, in which case the one which contains the smaller 
proportion of the negative element is distinguished by changing 
the terminal syllable of the name of its positive constituent 
into otis, the terminal ic being retained for the compound con- 
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taining the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 
One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same elements form with each other 
more than two compounds. In these cases the prej&xes Jiy^o 
and f&r are employed as marks of distinction ; but their use is 
very rarely required. 

If a binary compound contains oxygen, and forms an acid 
when made to unite with water, or a salt when added to a base, 
it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxygen form carbonic anhydride. 
Two atoms of nitrogen and five atoms of oxygen form nitric anhydride. 
Two atoms of nitrogen and three atoms of oxygen form nitrous anhydride. 
One atom of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphurous anhydride. 

In the following cases, the systematic names have not dis- 
placed the trivial and irregular names used for the same sub- 
stances : — 

Systematic name. Trivial or irregular name. 

Hydric oxide Water. 

Hydric sulphide Sulphuretted hydrogen. 

Hydric selenide Seleniuretted hydrogen. 

Hydric telluride TeUuretted hydrogen. 

Hydric chloride Hydrochloric acid. 

Hydric bromide Hydrobromic acid. 

Hydric iodide Hy driodic acid. 

Hydric fluoride Hydrofluoric acid. 

Hydric carbide f Marsh-gasorHghtcarburetted 

I hydrogen. 

Hydric nitride Ammonia. 

Hydric phosphide Phosphuretted hydrogen. 

Hydric arsenide Arsenuretted hydrogen. 

Hydric antimonide Antimonuretted hydrogen. 

The term acid was originally applied only to substances pos- 
sessing a sour taste like vinegar ; but analogy has necessitated 
the application of the same name to a large number of com- 
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pounds which have not this property. In the modem accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of hydrogen, which become displaced 
by a metal when the latter is presented to the compound in the 
form of a hydrate. The hydrogen capable of being so displaced 
may be conveniently termed displaceahle hy&rogen. An acid 
containing one such atom of hydrogen is said to be monobasic, 
two such atoms dibasic^ <&c. Acids of a greater basicity than 
unity are frequently termed ^oZyJ<mc (idda. 
Thus nitric acid gives, with sodic hydrate, sodic nitrate : 

NO3H + ONaH = NOgNa + OH,. 

Nifcrioacid. Sodic hydrate. Sodio nitrate. Water. 

Sulphuric acid gives, with potassic hydrate, potassic sulphate : 
SO,H, + 20KH = SO.K, + 20H,: 

Sulphurio add. Fotassio hydrate. Fotassic enlphate. Water. 

and hydrochloric acid gives, with potassic hydrate, potassic 
chloride : 

HCl + OKH = KCl + OH,. 

Hydrochloric Potassic Potassic Water, 

acid. hydrate. chloride. 

When an acid contains oxygen, its name is generally formed 
by adding the terminal ic either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name ; thus sidphur forms, with oxygen, sidphuric acid ; nitro- 
gen, nitric acid ; and phosphorus, phosphoric acid. But it 
frequently happens that the same element forms two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable ic, 
whilst that containing less oxygen is made to end in otis. 
Thus we have sulphurous acid, nitrous add, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

In some instances, however, the same element forms more 
than two acids with oxygen, in which case the two Greek words 
hypo^ under, and hfper^ over, are prefixed to the name of the 

b5 
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acid. Thus an acid of sulphur containiiig less oxygen than 
sulphurous acid is termed hyposulphurous acid ; and another 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphurous acid and less than sulphuric, 
might be named either hypersulphurous acid, or hyposulphuric 
acid ; but the latter term has been universally adopted. The 
prefix per is frequently substituted for hyper ; thus in the case 
of chlqrine, which forms the following four acids mth oxygen, 
viz. hypochlorous acid, chlorous acid, chloric acid, and hyper- 
chloric acid, the latter is generally named perchloric acid ; but 
per can only be used as a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elements. 
This peculiarity of composition is expressed in their nomen- 
clature by the prefixes sulpho or mlph, and hydro or hydr\ thus 
sulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic, and sulphur, hy- 
drogen, and tin ; whilst the names hydrochloric acid andhydri- 
odic acid are given to acids composed, the first of hydrogen 
and chlorine, and the second of hydrogen and iodine. The 
terminals ous and ic are also applied to these acids in exactly 
the same manner as to the oxygen acids : thus we have solph- 
arsenious and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former ; but the appli- 
cation of the second of these terminals has not hitherto been 
found necessary in the case of hydrogen acids, since no ele- 
ment has yet been observed to form more than one acid with 
hydrogen. 

The term a/nhydride or anhydrous (wid is applied to the residue 
obtained by the abstraction of water from one or two molecules 
of an oxygen acid. Thus, 

SO,H, - OH, = SO3: 

Sulphuric acid. Water. Snlphorio anhydride. 

2NO3H - OH. = N,0.. 

Nitric acid. Water. Nitric anhydride. 
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The term hose is applied to three classes of compounds, all of 
which are converted into salts by the action of acids. These are— 
Ist. Certain compounds of metals with oxygen, such as sodic 
oxide (NajO), zincic oxide (ZnO), &c. 

2nd. Certain compounds of metals with the compound radical 
hydroxyl (HO), such as sodic hydrate (OHNa or Na(H0))5 
zincic hydrate (Zn(H0)2), &c. 

3rd. Certain compounds of nitrogen, phosphorus, grsenic, 
and antimony, such as ammonia (NH3). 

There are also some organic compounds to which the name 
base is sometimes given, but which are not included in the 
above classes; it is, however, unnecessary further to allude to 
them here. 

The bases of the first class are named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, still retain their irregular names : — 
Systematic names. Irregular names. 

Baric oxide Baryta. 

Strontic oxide Strontia. 

Calcic oxide Lime. 

Magnesic oxide Magnesia. 

Aluminic oxide Alumina. 

G-lucinic oxide G-lucina. 

Zirconic oxide Zirconia. 

The names of the bases belonging to the second class are 
formed by changing the terminal syllable of the metal into ic 
or ow*, and the word hydroxyl into hydrate. Thus csBsium and 
hydroxyl form caesic hydrate (Cs (HO)) ; barium and hydroxyl, 
baric hydrate, (Ba (HO) 2) ; and iron and hydroxyl, ferric hy- 
drate (Fe^ (HO)e). 

A few of these bases have trivial or irregular names, which 
are almost invariably used instead of the systematic names : — 
Systematic names. Irregular names. 

Potassic hydrate Potash. 

Sodic hydrate Soda. 

Lithic hydrate Lithia. 
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The bases of the third class are distinguished hj the terminal 
syllable ine, except nitrine, (NH,), which retains its trivial 
name ammonia. These bases belong almost exdusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon each other, a salt is produced. K the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a Judoid salt ; if ii contain oxygen it is termed an 
oxysalt ; and if this oxygen be replaced by sulphur, it is distin- 
tinguished as a sulphosalt^ 

The haloid salts are named according to the rules for binary 
compounds above given, thus : 

Name. Formula. 

Sodic chloride NaCL 

Calcic iodide Calj. 

Ferrous bromide FeBrj. 

Ferric bromide Fe^Bre. 

Oxysalts are divided iuto normal, acid, and basic. 

A normal salt is one in which the displaceahle hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compotmd radical. 

The following examples will serve to illustrate this definition 
of a normal, or as it is sometimes incorrectly called, a neutral 
salt, the displaceahle atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 

Acid. Normal salt. 

T^.. . ., xrn rr f Sodic nitrate NO«^a.' 

^'^^^^'^ N03^ :\ Calcic nitrate {lii6,\Ca". 

Sulphuricacid SO,H, ( Potassic sulphate SO.K,. 

I Calcic sulphate SO^Ca". 

_.,.., T>rk rr r Potassic phosphate ... PO^i,. 
Phosphoric acid TO,H, | ^^^ ^^^^^ (POJ^a,". 

H jpophosphorous acid . . PO^Hj-ff . . . Sodic hjpophosphite . . PO^H^JVa^ 
Phosphorous acid PO3HIH, ... Potassic phosphite ...'PO^'RK^. 
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Acid, 
^etaphosphoric acid . 
Pyrophosphorio acid . 

Nordhausen sulphuric 
acid 



Normal salt. 
POg-ff Lithic metaphosphate . VO^Li. 



Unknown acid. 



(SO, a 

SO,H 
f CrOM 

[00,H 



Calcic pyrophosphate 
Sodic bisulphate 

Potassic bichromate . 



PA^V'. 

SOgJVa ^ 



rs( 

Is 



SOgJVa 
CrOgiC 
O . 
CrOg^ 



An acid salt is one in which the displaceable hydrogen of the 
acid is onli/ partially exchanged for a metal or positive compound 
radical. 

The following examples illustrate the constitution and nomen- 
clature of these salts : — 



Acid. 
Sulphuric acid .. 
Carbonic acid ... 



COgil,? 



Phosphoric acid... P04-ff3 



Acid salt. 

Hjdric sodic sulphate SO^jffiVa. 

Hydric potassic carbonate. . CO.^HK. 
Hydric disodic phosphate. . VO^HNa^. 

Dihydrio sodic phosphate... VO^HJ^d 

Microcosmic salt 'PO^H{NH^)Na, 

(Hydrio ammonio sodic phosphate.) 



Acid salts are produced almost exclusively from polybasic 
acids. 

JVhen the nvmber ofhonds* of the metal or compound positive 
radical contained in a salt exceeds the number of atoms of displace^ 
able hydrogen in the acid, the compound is usually termed a basic 
salt — ^as, for instance, 



Acid. 



Basic salt. 



Carbonic acid CO.hJ^'^^^ CO,H,C<. 

* ^ I Blue cupric cai-bonate CjOyHjCtt/'. 

^ , , . ., «- ^ / Tribasic cupric sulphate SO^H.CK". 

S»lphunc«=.d SO,sAT,,rpeikJner>l^. SO^^,". 

These and most, if not all, other basic salts do not differ 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

* For an explanation of this term see Chap. III. p. 18. 
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The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compounds ; but its discus- 
sion could not be conveniently introduced here. 



CHAPTER III. 



CHEMICAL NOTATION. 

Symbolic Notation. — Every element is represented by a 
symbol, which is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation ; thus carbon, 
cadmium, cobalt, and cerium all begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non-metallic elements have 
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters O, H, N, S, P, B, C, I, and F ; whilst the metals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridium, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Pt, Bi, Co, Ir, and Ee (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important element ; thus sulphur, selenium, 
and silicon are all non-metallic elements, beginning with the 
same letter, but sulphur being the most important, the single 
letter S is assigned to it ; whilst selenium and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 
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Thus: 

Argentic chloride AgCl. 

Zincic oxide ZnO. 

The symbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula HCl, for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
(1 part by weight) of hydrogen, and one atom (35*5 parts by 
weight) of chlorine. When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula : this is done by the use of a coefficient placed after the 
symbol of the element : 

Zincic chloride ZnCl^. 

Eerric chloride ^%C\, 

Stannous chloride SnCl^. 

Stannic chloride SnCl^. 

When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then affects every symbol in that 
formula : thus SSO^H^ means three molecules of the compound 
SO,H,. 

The changes which occur during chenfical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
above mentioned, we have 

(1) Zn + CI, = ZnCl,. 

Zinc. Chlorine. Zindo chloride. 

(2) 2HC1 + Na, = 2NaCl + H,. 

Hydrochloric acid. Sodium. Sodic chloride. Hydrogen. 

(3) SO.Cu + (NO,),Ba = S04Ba + (NO,),Cu. 

Capric sulphate. Baric nitrate. Baric sulphate. Cupric nitrate. 
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(4) (CN)O(NHJ = N,H,(CO). 

Axumonic cyuiate. Urea. 

(5) 20H, = 0, + 2H,. 

Water. Oxygen. Hydrogen. 

The sign -f , as seen from the foregoing examples, is placed 
between the formnlsB of the molecules of the different substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never be 
used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction; thus, 

SOA - H,0 = SO3. 

Solphnrio add. Water. Sulphuric anhydride. 

Use of the bracket — ^The bracket has been employed in 
various senses in chemical formulae ; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 

I. n. in. 

fCH, rcH, COOl 

tCH, • ^0 Ba^ 

[CH3 COO J 

the formida No. I. signifies that two atoms of carbon are 
directly united with each other, No. II. that two atoms of car- 
bon are linked, as it were, together by an atom of oxygen, the 
latter being united to both carbon atoms, whilst in like manner 
No. III. expresses the fact that one atom of oxygen in the for- 
mula of the upper line is linked to another atom of oxygen in 
the formula of the lower line, by an atom of barium. 

Use of thick letters. — As a rule, the formulae in this book are 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
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bonds of the other elements or compound radicals following 
upon the same line : thus the formula SOjHoj (sulphuric acid) 
signifies thaj the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two atoms of hydroxyl. Such a formula is termed 
a rational formula*. 

Occasionally, however, owing to the atomic arrangement of 
a compound not being known, its formula cannot be written 
according to this rule ; and in order to prevent such more or 
less empirical formula from being mistaken for rational for- 
mulfiB, the first symbol of a rational formula will always be 
printed in thick type whenever the element has more than one 
bond. It deserves also to be mentioned that, as a rule, the ele- 
ment having the greatest number of bonds will occupy this 
prominent position. Thus, 

Sulphuric acid SOaHOj,. 

Water OH,. 

Nitricacid NO,Ho. 

Microcosmic salt POHoAmoNao. 

Atomicity op elements. — It has been already stated that 
the atomic weight of an element is the smallest proportion 
by weight in which that element enters into or is expelled 
from a chemical compound. The atoms of the various ele- 
ments, the relative weights of whick are thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen ; for when 
zinc is brought into contact with steam at a high tempera- 
ture, one atom of zinc expels from the steam two atoms of 
hydrogen and occupies their place — ^thus, 

OH, + Zn = OZn -f- H,. 

Water. Zindc oxide. 

Again, when zincic oxide is brought into contact with hydro- 
chloric acid, the place of the zinc becomes once more occupied 

* For further information on this subject see Atomicity of Elements 
below. 



18 CHEMICAL NOTATION. 

by hj-drogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc : 

OZn + 2HC1 = ZnCl, + •OH,. 

Zindc oxide. Hydroohlorio add. Zindc chloride. Water. 

In like manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

To give a concrete expression to these facts, the atom of 
hydrogen may be represented as having only one point of 
attachment or bond by which it can be united with any other 
element, zinc as having two such bonds, boron three, and so 
on. Thus the atoms of these elements may be graphically 
represented in the following manner : — 

Hydrogen (h)— 

Zinc — (z^ 



Boron .. 
Carbon 



¥ 



Nitrogen jS^ 

Sulphur ~vAy 

In symboHc notation, the same idea is conveyed by the use 
of dashes and Roman numerals placed above and to the right 
of the symbol of the element ; thus. 

Hydrogen H', Carbon C^ 

Zinc Zn", Nitrogen N\ 

Boron B'", Sulphur S^ 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all ele- 
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ments with an odd number ofhonds are generally diatomic^ <md 
always polyatomic \ that is, they contain two or more atoms of 
the element united together. Thus, 

Symbolic. Graphic. 

Hydrogen H^ (n\ — (3) 

Chlorine CI, ©— © 

Nitrogen N/ ®=Q 

©=© 
boms P/ 



=0 

An element with an even number of bonds can exist as a 
monatomic molecule, its own bonds satisfying each other. 
Thus, 

Symbolic. Graphic. 

Mercury Hg" r©^ 

Cadmium Cd" r@-\ 

Zinc Zn" r®^ 

It is nevertheless obvious that such an element may also 
exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; for, in its ordinary condition it is a diatomic 
molecule, and in the allotropic form of ozone, a triatomic 
molecule : 

Symbolic. Graphic. 

Oxygen O," (3)=® 

©-© 
Ozone O3" \ / 

© 
This combining value of the elementary atoms is usually 
termed their atomicity or atom-fixing power. An element with 
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one bond is termed a monad, with two bonds a dyad, with three 
a triad, with four a teirctd, with five a pentad, and with six a 
hexad. Elements with an odd number of bonds are termed 
perissads, whilst those with an even number are named artiads. 

In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, I shall never attach them to a monad or to 
oxygen, which, it must be remembered, is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formula of organic bodies, unless this element 
plays the part of a dyad — an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
understood to be a tetrad. 

It will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 

Iccv 

each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket indicates that the two atoms of 
carbon are also united, thus stamping C as a tetrad element. 

From what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at leasts 
not a fixed and invariable quantity : thus nitrogen is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N'H^Cl), sometimes to three atoms, as in ammonia (N"'H3), 
and sometimes to only one atom, as in nitrous oxide (N^O). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds : thus nitrogen is either a pentad, a triad, or a monad; 
phosphorus and arsenic, either pentads or triads ; carbon and 
tin, either tetrads or dyads ; and sulphur, selenium, and tellu- 
rium, either hexads, tetrads, or dyads. 

These remarkable facts can be explained by a very simple 
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and obvious assumption, viz. that one or more pairs of bonds he- 
longing to one atom of the same element cam, unite and, having 
sattirated each other, become, as it were, latent. Thus the pentad 
nitrogen becomes a triad when one pair of its bonds becomes 
latent, and a monad when two pairs, by combination with each 
other, are, in like manner, rendered latent, — conditions which 
may be graphically represented thus : — 

Pentad. Triad. Monad. 



^ -^ 



And in the case of sulphur : 

Hexad. Tetrad. Dyad. 

X :^ ^ 

Adopting this hypothesis, it wQl be convenient to distinguish 
t^e maximum number of bonds of an element as its absolute 
atomicity, the number of bonds united together as its latent 
atomicity, and the number of bonds actually engaged in linking 
it with the other elements of a compound as its actvoe atomicity. 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sulphuric acid (S^jHoa) the absolute and active atomicities 
are both =vi, therefore the latent atomicity =0. In sulphu- 
rous acid (rS^^OHOg) the active atomicity =iv, and conse- 
quently thd latent =vi— iv=ii ; whilst in sulphuretted hydro- 
gen (^^S'^HJ the active and latent atomicities are respectively 
II and IV. 

The apparent exceptions to this hypothesis disappear on 
investigation : thus iron, which is a dyad in ferrous compounds 
(as PeClg), a tetrad in cubical pyrites (PeS./), and a hexad 
in ferric acid (PeOjHOj), is apparently a triad in ferric chlo- 
ride (PeClg) ; but the vapour-density of ferric chloride shows 
that its formula must be doubled — that, in fact, the two atoms 
of the hypothetical molecule of iron (Fe^) have not been com- 



. ^" 



\ 
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pletely separated. The formulfiB of the ferrous and ferric 
chlorides and of ferric acid then become 



Graphic. 

0-<|K2) 




Symbolic. 
Ferrous chloride, . ^Te'^Cl^. 

Ferric chloride ... '"Pe'",Cl,. 
Ferric acid Pe^^O^HOj. 



Again, mercury is apparently a monad in mercurous chlo- 
ride (calomel, HgCl) and a dyad in mercuric chloride (cor- 
rosive sublimate, Hg"Cl2); but there are strong reasons for 
believing that the formula of calomel ought to be doubled, in 
which case mercury would assume the dyad form in both com- 
pounds : 

Mercurous chloride ... 'S^'^Cl^, (cTHs)"©"^ 

Mercuric chloride H^'Vl^. @"@-© 

It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in the above symbol by the atomicity 
numeral iv placed to the left of the symbol, whilst the analo- 
gous union of three bonds of each atom of iron in ferric chlo- 
ridi! J a express eJ. by tlie three dashes'" to the left of the symbol 
Fe,. I Blmll uot, however, use these coefficients of latent ato- 
micity in the case of the single atom of an eleraentj the student 
being supposed to have made himself acquainted with the abso- 
lute atomicity of every element as expressed in the Table at 
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page 32. For a similar reason, it will also rarely be necessary 
to express the same idea in graphic notation : thus, for instance, 
ammonia will be drawn 

It will be necessary, however, to employ these coefficients in 
symbolic formulsB, where two or more atoms of the same ele- 
ment are joined together under such circumstances, that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; as in hydric persulphide ('S'^Hj), for instance, 
which might otherwise be viewed as '"S'^Hj, or ^S'^H^. 

In rare cases, in which oxygen links together two elements 
or radicals in the same line, a hjphen is placed before and 
after the symbol O, thus : — 



rCH,-0-CMeO 
iCH,-0-CMeO' 

Diaoetio gljool. 



Graphic Notation. — This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com- 
pound. It is true that it expresses nothing more than the 
symbolic notation of the same compound, if the latter be written 
and understood as above described ; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formulae, and also in making 
comparatively easy of comprehension the internal arrangement 
of the very complex molecules frequently met with both in 
mineral and organic compoimds. It is also of especial value in 
rendering evident the causes of isomerism in organic bodies. 
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G-raphic notation, like the above method of symbolic notation, 
is founded almost entirely upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which eyery 
bond ina chemical compound is disposed of. Inasmuch, however, 
as the principles involved are precisely the same as those already 
described under the heads of symbolic notation and atomicity 
OF elements, it is unnecessary here to do more than give the 
following comparative examples of symbolic and graphic for- 
mula: — 

STmbolic. Graphic. 

Water OH,. ©-0-® 

Nitricacid NO^Ho. (3)-®-® 

Ammonic chloride NH.Cl. 0-(n>-0 

(Hi 

Sulphuric anhydride SO,. ( s )=( o ) 

To) 

Sulphuric acid SO,Ho,. ©-0-(8MoMhi 

Carbonic anhydride CO,. ©=©=© 

Potassic carbonate COKo,. (3)-(o)-{cwowk) 
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Symbolic. Graphic. 
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Marsh-ga» CH^. 



Ammonic carbonate,CO AmOj. 



N0,0 

Zincic nitrate ... Zn" y , 

NO.O 



It must be carefully borne in mind that these graphic for- 
mulsB are intended to represent neither the shape of the mole- 
cules, nor the relative position of the constituent atoms. The 
lines connecting the different atoms of a compound, and which 
might with equal propriety be drawn in any other direction, 
provided they connected together the same elements, serve 
only to show the definite disposal of the bonds : thus the for- 
mula for nitric acid indicates that two of the 
three constituent atoms of oxygen are com- 
bined with nitrogen alone, and are conse- 
quently united to that element by both their 
bonds, whilst the third oxygen atom is com- 
bined both with nitrogen and hydrogen. 

The lines connecting the different atoms of a compound are 
but crude symbols of the bonds of union between them ; and it 
is scarcely necessary to remark that no such material con- 
nexions exist, the bonds which actually hold together the atoms 
of a compound being in all probability, as regards their nature, 
much more like those which connect the members of our sojar 
system. 

It may also be here mentioned that graphic, like symbolic 

c 
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formiite, are purely statical representations of chemical com- 
pounds, they take no cognizance of the amount of potential 
energy associated with the different elements. Thus in the 
formulfiB for marsh-gas and carbonic anhydride, 



(»>©=© 



Marsh-gas. Carbonic anhydride.- 

Ihere is no indication that the molecule of the first compound 
contains a vast store of force, whilst the last is comparatively 
a powerless molecule. 




CHAPTER IV. 



COMTOUirD BADICALS. 

The term compoimd radical may be applied to any group of 
two or more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group when the latter 
is met with in numerous chemical compounds. 

An element is a simple radical, and enters into combination 
in the following manner, a, h, c, and d being monad elements, 
a" a dyad, a'" a triad, and a^^ a tetrad element : — 

a -f h==ab, 
a"+2b:=a'\, 
a"' + Sb=a"\, 
&c. &c. 

A group of elements replacing a, a", or a'" in the above equa- 
tions is a compound radical, as in the following examples. 
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(a"h) + h=^(a"b)b, 

(a"'by +2h==(a'"hy\, 

ia"'hc) + h=(a"'bc)h, 

(d'^by" +35=(a^^5)"'J^, 

(a'^bcY +2b=(d^bcy\, 

{(^^bcd) + b==((^^cd)b. 

The group of elements (a"5) constitutes a compound monad 
radical equivalent to one atom of hydrogen or chlorine. The 
group (a"'by' is a compound dyad radical, &c. It is there- 
fore evident that a polyad element is essential to every com- 
pound radical ; in fact a compotmd radical consists of one or 
more atoms of a polyad element in which one or more bonds are 
tmsatisfied; and it is either a monad, dyad, triad, ^c. radical, ac' 
cordmg to the mmber of monad atoms required to satisfy its 
active atomicity. Such a radical, when a monad, triad, or pentad, 
cannot exist as a separate atom ; like hydrogen or nitrogen, 
when isolated, it combines with itself, forming a diatomic mole- 
cule. It is only by the union of two atoms that the vacated 
bonds can in these cases be satisfied. 

From the above definition of a compound radical, it is evi- 
dent that an almost infinite number of such bodies must exist ; 
for in the compoimds of every polyad element it is only neces- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-gas (CH^) minus one atom of 
hydrogen gives the compound radical methyl (CH3); minus two 
atoms of hydrogen, it forms methylene (CHj)", and by the 
abstraction of three hydrogen atoms it is transformed into the 
triad radical formyl (CH)'"; but, except in a few cases, it is 
not advantageous thus to incorporate, as it were, compound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. No 
compound radical, therefore, ought to receive a recognition as 
such unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names and formulae of the chief inor- 

c2 
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ganic compound radicals recognized in the notation of this 
book : — 



AbbreTiated 
lioleoolw formoUe. Atomic formula, atomic formulae. 



Hydroxy! 


.. (HO). 


HO 


Ho. 


Hydrosulphyl... 


.. (HS), 


HS 


Hs. 


Ammonium ... 


- (NH,), 


NH, 


Am 


Ammonoiyl . . . 


- (NH,0), 


NH.O 


Amo 


Amidogen 


.. (NHJ, 


NH, 


Ad. 



In addition to these, certain compounds which metals form 
with oxygen are also regarded as compound radicals — ^for 
instance, 



Molecular 
formula. 



Potassoxyl (KO)^ 

Zincoxyl (ZnO,) 



Atomic 
formulas. 

KO 
O 

Zn" 
O 



Abbreviated 
atomic formulte. 

Ko. 

Zno". 



The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with the 
metal by one bond only of each oxygen atom, as seen in the 
following graphic formulsB : — 

Hydroxyl -^o^-^ 

Potassoxyl -^T^-Q 

Zincoxyl _^o)-^zS)— @— 

The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radicals 
will be sufficiently evident from the following examples of 
compounds into which they enter, and in which their position 
is^ marked by dotted lines. 



Nitric acid 
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Potaasic sulphate .. 




Baric nitrate 



k2)--0-©-jHS 



Zincic sulphate 




It is not necessary to dignify all these metallic compound 
radicals with names ; the chief point of importance about them 
is their abbreviated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. It must be borne in mind 
that the number of atoms of oxygen in any radical of this class 
depends upon its atomicity : thus a monad contains only one 
atom of oxygen, a dyad two, and a triad always three atoms of 
oxygen. The use of any but monad and dyad metallic compound 
radicals is very rare. 
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CHAPTER V, 

ATOMIC AND MOLECULAB COMBINATION. 

In all the cases of chemical combination considered in the 
above Chapters, a union of atoms has been invariably contem- 
plated. This atomic union is generally attended by the breaking 
up of previously existing molecules — ^two such molecules, by 
the mutual exchange of their atomic constituents, producing 
two new and perfectly distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule 
of chlorine and one of hydrogen yield up their constituent 
atoms, forming two molecules of hydrochloric acid, 

C1,+H,=2HC1. 

In comparatively rare cases, two molecules combine to form 
only one new Aiolecule ; thus a molecule of carbonic oxide and 
one of chlorine combine to form one moleciQe of carbonic 
oxydichloride or phosgene gas : but the union is even here 
essentially atomic ; for after combination both the oxygen and 
chlorine are directly united with the atom of carbon : 

C"0 + CI, = ©^OCl,. 

Carbonic oxide. Chlorine. PhoBgene gas. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and which 
may be appropriately termed molecular union or molecular co7n- 
hination. In the formation of such compounds, no change takes 
place in the active atomicity of any of the molecules. It is 
this kind of combination which holds together salts and their 
water of crystallization, as, for instance, 

Sodic chloride crystallized at -10° C NaCl, 2OH2. 

Sodic bromide cry stallized below -f30°C....]SraBr, 2OH2. 
Sodic iodide crystallized below -f 50° C....NaI, 20IL^, 
Alum S,0/Al,'"OerKo„240H,. 
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The researclies of Tyndall upon the absorption of radiant 
teat by different vapours, render it more than probable that 
aqueous vapour does not consist of an assemblage of single and 
separate molecules of the compoimd OHj, but of groups of 
these molecules of great complexity, united without contraction 
of volume. 

Numerous other instances of molecular combination might 
be adduced ; but it is only necessary here to point out that such 
molecular unions will be distinguished from atomic combi- 
nations by the use of the comma, as in the above and following 
examples : 

Tetramethylammonic tri-iodide NMe^ I, I^. 

Tetramethylammonic pentiodide NMe^ 1, 2I2. 

Tetramethylammonic iodo-dichloride .NMe^I, Clj. 

In all cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in the first place, 
such bodies are generally decomposed with facility ; and secondly, 
the properties of their constituent moleciQes are markedly per- 
ceptible in the compounds. Thus the above so-called perio- 
dides of the organic bases present in appearance great resem- 
blance to iodine. 



CHAPTER VI. 

CLASSIFICATION OF ELEMENTS. 

It has already been mentioned that the elements may be 
divided into two great classes, the metals and the non-metals 
or metalloids. A second division into positive or basylous and 
negative or chlorous elements has also been explained. A 
third and still more important classification is founded upon 
the atomicity of the elements. In the following classified Table 
all three methods are embodied, the metalloids being printed 
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in red type, and the metals in black, whilst the positiye or 
basylous elements are printed in Boman characters, and the 
negative or chlorous in italics. In addition, the different 
classes are also divided into sections, consisting of elements 
closely related in their chemical characters. 



Monads. 


Dyads. 


Triads. 


Tetrads. 


Pentads. 


Hezads. 


1st Section. 
Hydrogen. 


1st Section. 


1st Section. 
Boron. 


1st Section. 

Carbon. 
Silicon. 

Titanium. 


1st Section. 

UTitrogen. 

PhoBijhoruB. 

Arsenic. 

Antimony. 

Bismuth. 


1st Section. 

Sulphur. - 
Selenivm. ' 
Tellurium.. 


2nd Section. 

Fluorine. 
Chlorine. 
Bromine. 
Joding. 


2nd Section. 

Barium. 

Strontium. 

Calcium. 

'Zinc 


2nd Section. 
Gk>ld. 


2nd Section. 

Tungsten. 

Vanadium. 

Molybdenum." 


2nd Section. 

Thorinum. 
Niobium. 
Tantalum. 
Zirconium. 

Alnminiiim. 




3rd Section. 

CiBsinm. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 


3rd Section. 

Didymium. 
Lanthanum. 
Yttrium. 
Olndnum. 


3rd Section. 

Osmium. - 
Iridium. - 
Ruthenium. - 
Rhodium. - 


3rd Section. 

Platinum. 
Palladium. 


4th Section. 

Manganese. - 

Iron. 

Cobalt * 

Nickel. 

Uranium.- 

Cerium. 


4th Section. 

Thallium, 
Silver. 


4th Section. 
Cadmium. 

Copper. 


4th Section. 
Lead. 



CHAPTER VII. 

WEIGHTS AND MEASURES. 

The weights and measures employed in this book are chiefly 
those of the French decimal system. The following Tables, 
published by Messrs. De la Rue and Co., will enable the 
student to convert these into their English equivalents when- 
ever this may be necessary. 
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French Measures of Length, 





In English 
inches. 


In English 
feet=12 
inches. 


InEngUsh 
yards=3 feet. 


In English 

fiithom8=6 

feet 


In English 

miles = 
1760 yards. 


Millimfetre 

Centimetre 

Ddcimfetre 

Metre 


0-03937 

0-39371 

3-93708 

39-37079 

393-70790 

3937-07900 

39370-79000 

393707-90000 


0003281 

0-032809 

0-328090 

3-280899 

32-808992 

328-089920 

3280-899200 

32808-992000 


0-0010936 

0-0109863 

0-1093633 

1-0936831 

10-9363310 

109-3633100 

1093-6331000 

10936-3310000 


0-0005468 

0-0054682 

0-0546816 

0-5468165 

6-4681655 

64-6816550 

546-8165600 

6468-1655000 


00000006 
0-0000062 
0-0000621 
0-0006214 
0-0062138 
0-0621382 
0-6213824 
6-2138244 


Decametre 

Hectometre 

Kilometre 

Myriometre 


1 inch=2-639964 centimetres. 1 yard -=0-9143836 metre. 
1 foot =3-0479449 decimetres. 1 mile =1-6093149 kilometre. 



French Measures of Surface, 





In EngUsh 
square feet. 


In English 

square yards 

s9 square 

feet 


In English 

poles = 

272-25 sq. 

feet 


In English 

rood8= 

10890 sq. 

feet 


InEngUsh 

acres = 

48560 sq. 

feet 


Centiare or sq. metre 

Are or 100 sq. metres 

Hectare or 10,0001 

square metres... J 


10-764299 
1076-429934 

107642-993418 


1196033 
119-603326 

11960-332602 


0-0395383 
8-9538290 

395-3828969 


0-0009885 
0-0988457 
9-8846724 


O-O0O2471 
0-0247114 

2-4711431 


1 square foot =9-2899683 square decimetres. 

1 square yard=0-83609716 square metre or centiare. ^ 

1 acre =040467102 hectare. • 



French Measures of Capacity. 



In cubic 
inches. 



In cubic 
feet= 

1728 cubic 
inches. 



In pints 

34-^923 

cubic 

inches. 



In gallons 

=8 pints 

=27^27384 

cubic inches. 



In bushels 
=8 gallons 
=2218-19075 
cubic inches. 



Millilitre or cubicoen- 'i 

timetre / 

Centilitre or 10 cubic y 

centimetres / 

Decilitre or 100 cubic -| 

centimetres J 

Litre or cubic decimetre 
Decalitre or centistere. . . 
Hectolitre or decistere« 
Kilolitre, or Stere» or \ 

cubic metre / 

Myriolitre or decastere.. 



0-06103 
* 0-61027 

6-10271 

61-02705 
610-27052 
6102-70515 

61027*06162 

610270-61519 



0-000036 
0-000363 

0-003582 

0-086317 
0-363166 
3-631658 

85-816681 

868-166807 



000176 
0-01761 

0-17608 

1-76077 
17-60778 
176-07734 

1760-77341 

17607-78414 



0-0002201 
0-0022010 

0-0220097 

0-2200967 
2-2009668 
22-0096677 

220-0066767 
2200-9667676 



0-0000276 
0-0002751 

0-0027512 

0-0275121 
0-2751208 
2-7612085 

27-6120846 

276-1208469 



1 cubic inch= 16*886176 cuIho centimetres. 

1 cubic foot =28-315812 cubic decimetres, or litres. 

1 gallon =4-648368 litres. 
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WEIGHTS AND MEASURES. 





French Measures 


of Weigjit. 






In English 
grains. 


In troy 
ounces = 
480 grains. 


In avoirdn- 
poislb8.= 
7000 grains. 


In cwt8.= 

112 lb8.= 

784000 grs. 


Ton8= 

20 cwt8.= 

15680000 grs. 


Milligrftmrne 


0-01643 

0-15432 

1-54323 

15-43236 

154-32349 

1543-23488 

15432-34880 

154323-48800 


0-000032 
0000322 
0-003215 
0-032151 
0-321507 
3-215073 
32-150727 
321-507267 


00000022 
0-0000220 
0-0002205 
0-0022046 
0-0220462 
0-2204621 
2-2046213 
22-(H62126 


0-0000000 
0-0000002 
0-0000020 
0-0000197 
0-0001968 
0-0019634 
0-0196841 
0-1968412 


00000000 
0-0000000 
0-0000001 
00000010 
0-0000098 
0-0000984 
00009842 
0-0098421 




Decigramme 


G-ramme 


Decagramme 


Hectogramme 


Kilogramme 


Myriogramme 


! 1 grain =0064799 gramme. lib. avoir. =0-453593 kilogr. 
! 1 troy oz.= 31-103496 grammes. 1 cwt =60-802377 IdlogrB. 



Temperatures are expressed upon the Centigrade scale, and 
barometric measurements are given in millimetres. 

Por the ready conversion of gaseous volumes into weights, I 
have adopted the crith, or standard multiple proposed by Dr. 
Hofmann. The crith is the weight of one litre or cubic deci- 
metre of hydrogen at 0*^ C. and at a pressure of 760 millimetres 
of mercury. The following is Dr. Hofinann's description of 
the value and applications of this unit. 

" The actual weight of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 00896 gramme; a 
figure which I earnestly beg you to inscribe, as with a sharp gra- 
ving tool, upon your memory. There is probably no figure in 
chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at a moment's notice. For this litre- weight of hydrogen 
=0*0896 gramme (I purposely repeat it) is the standard 
multiple, or coefficient, by means of which the weight of one 
litre of any other gas, simple or compound, is computed. Again, 
therefore, I say, do not let slip this figure — 0*0896 gramme. 
So important, indeed, is this standard weight unit, that some 
name — the simpler and briefer the better — ^is needed to denote 
it. For this purpose I venture to suggest the term crithy de- 
rived from the Grreek word KpiQfi, signifying a barley-corn, 
and figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gases, referred to hydrogen as a standard, may be ex- 
pressed in terms of this unit.- 

" For example, the relative volume-weight of chlorine being 
35*5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 litre of each of these elementary gases, at 0° C. and 0"-76 
pressure, may be called respectively 35*5 criths, 16 criths, and 
14 criths. 

" So, again, with reference to the compound gases ; the rela- 
tive volume-weight of each is equal to half the weight of its 
product-volume. Hydrochloric acid (HCl), for example, con- 
sists of 1 vol. of hydrogen 4-1 vol. of chlorine =2 volumes ; 
or, by weight, 14- 35*5 =36*5 units ; whence it follows that the 
relative volume-weight of hydrochloric acid gas is ^=18*25 
units; which last figure therefore expresses the number of 
criths which one litre of hydrochloric acid gas weighs at 0° C. 
temperature and 0"^*76 pressure; and the crith being (as I 
trust you already bear in mind) 0*0896 gramme, we have 

18-25 x00896=l-6352 

as the actual weight in grammes of hydrochloric acid gas. 

" So, once more, as the product-volume of water-gas (HjO) 
(taken at the above temperature and pressure) contains 2 
vols, of hydrogen 4- 1 vol. of oxygen, and therefore weighs 2 4- 16 
=18 units, the single volume of water-gas weighs ^ =;9 units ; 
or, substituting as before the concrete for the abstract value, 
1 litre of. water-gas weighs 9 criths; that is to say, 9x00896 
gramme =0*8064 gramme. 

" In like manner the product- volume of sulphuretted hydro- 
gen (HaS)=2 litres of hydrogen, weighing 2 criths, 4-1 litre 
of sulphur-gas, weighing 32 criths, together 24-32=34 criths, 
which, divided by 2, gives V = 1^ criths =17 X 0*0896 gramme 
=1*5232 gramme = the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

« And so, lastly, of ammonia (NHj) ; it contains in 2 litres 
3 litres of hydrogen, weighing 3 criths, and 1 litre of nitro- 
gen, weighing 14 criths; its total product-volume- weight is 
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therefore 3 + 14=17 criths, and its single volume or litre 
weight is consequently 

y =8*5 criths=8*5 X 0-0896 gramme=0*7616 gramme. 

"Thus, by the aid of the hydrogen-litre- weight or crith 
=0'0896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
thfe mere abstract figure expressing its volume-weight relatively 
to hydrogen." 



CHAPTER VIII. 

MOKAD ELEMENTS. 

Section I. . 

HYDROGEN, H,. 

Atomic toeiffht =1. Molecular weight =2. Molecular volume 
I I 1 . 1 litre weighs 1 crith. Atomicity ', being the standard 
of comparison. 

Occurrence. — In combination, as water, in very large quan- 
tities in nature. In almost all vegetable and animal sub- 
stances, and in many minerals. In the free state in the gases 
of volcanoes. In certain stars and nebulae ? 

Freparation. — I. By the action of sodiym upon water : — 

20H, -h Na, = 20NaH + H,. 

Water. Sodium. Sodio hydrate. Hydrogen. 

2. By the action of sodium upon dry hydrochloric acid : — 
2HC1 -f ]SX = 2]SraCl -|- H,. 

Hydrochloric acid. Sodium. Sodic chloride. Hydrogen. 
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\ 

3. By the action of zinc, iron, or certain otber metals on 
hydrochloric acid : — 

2HC1 + Zii = ZnCl, + H,. 

Hydrochloric add. Zincic chloride. 

4. By the action of zinc or certain other metals on dilute 
sulphuric acid : — 

SO^Hoa + Zn = SO^Zno" -f H^,. 

Sulphuric add. Zindc sulphate. 

5. By passing steam over iron heated to redness : — 

Ee3 + 40H, ^ '\Te,)^0, -h 4H,. 

Water. Triferric tetroxide. 

6. By the action of zinc on a boiling solution of potassic 
hydrate : — 

20KH -f Zn = ZnKo, + H,. 

Potassic hydrate. Fotasdo sine oxide. 

7. By the electrolysis of water and of some other liquids 
containing hydrogen. 

8. By the action of intense heat upon water. 

9. In the destructive distillation of some organic substances. 

Section II. 
CHLORINE, Cl^ 

Atomic weight =S5' 5. Molecular weight =71. Molecular volimie. 

I 1 I . 1 Utre weighs 35*5 criths. Saa not heen aolidljled. 

Liquefies at 15^*5 C, under a pressure of 4 atmospheres. 

Atomicity '. Evidence of atomicity, HCl. 

Occurrence. — ^Always in combination — ^with sodium and other 

metals in sea-water, and in the solid state in. the salt-beds of 

Cheshire, "Worcester, &c. Evolved from volcanoes in the form 

of hydrochloric acid. 

Preparation. — 1. By heating certain metallic chlorides, as 
platinic and auric chlorides : — 

FtCU « 2C1^ +Pfc. 

Platinic chloride. 
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2. By gently heating a mixture of manganic oxide and hy- 
drochloric acid, when the reaction takes place in two stages : — 

MnO, -f 4HC1 = BfcCU + 20H,; 

If anganic oxide. Hydrochloric add. If anganic chloride. Water. 

MnCl, = MnCl, + CI,. 

Manganic chloride. If anganous chloride. 

3. By heating a mixture of sulphuric acid, sodic chloride, 
and manganic oxide, when the whole of the chlorine present is 
liberated : — 

MnOj + 2 SO, Ho., -f 2NaCl = SO,NaOj -f 

Manganic oxide. Sulphuric add. Sodio chloride. Sodic sulphate. 

SOjMno" + 2 OH, 4- CJ,. 

liianeanous enlpliate. Water. 9 > ' 

If in the second process a mixture of manganic oxide, 
hydrochloric acid, and sulphuiic acid be employed, the whole of 
the chlorine is evolved : — 

"" MnO, 4- SO2H0, + 2HC1 = ' 

Manganic oxide. Sulphuric acid. Hydrochloric acid. 

SO.Mno" + 2 OH, + CI,. 

Manganic sulphate. Water. 

4. By the electrolysis of hydrochloric acid. 

Reactions, — 1. A mixture of chlorine and hydrogen unite 
instantly, vnth explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a bumiag 
body to the mixture. A burning jet of hydrogen continues to 
bum when plunged into chlorine, 

H, 4- CI2 = 2HC1. 

2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carboru When a 
rag moistened vdth turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated : — 

C10H16 + 8C1, = .16HC1 + IOC. 

Turpentine. Hydrochloric acid. 



OXYGEN. 89 

HYDROCHLORIC ACID, Chlorh^dric Acid, Muriatic Acid, 

HCl. 
Molecular weight =36*5. Molecular volume QH- 1 lUf'^ 
weighs 18*25 criths. Has not been solidified. Condenses 
at 10° under a pressure of 4^ atmospheres. 

Occurrence. — ^Evolved from volcanoes. 
Preparation. — 1. Erom its elements, as above described. 
2. By gently heating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water : — 

SOjHo, + NaCl = SOjHoNao + HCl: 

Sulphuric acid. Sodic chloride. Hjdric sodic sulphate. Hydrochloric acid. 

or SO,Ho, + 2NaCl = SOjNao, + 2HC1. 

Sulphuric add. Sodic chloride. Sodic sulphate. Hydrochloric acid. 

Reactions. — Hydrochloric acid may be converted into salts 
termed chlorides by the action of certain metals as described 
above, and also by that of the metallic hydrates or oxides : — 

dKH ^+ HCl = KCl + OH,. 

Fotassic hydrate. Hydrochloric acid. Potassic chloride. Water. 

ZnO + 2HC1 = ZnCl, + OH,. 

Zincic oxide. Hydrochloric add. ^ Zindc chloride. Water. 

For the remaining monad elements of this Section, see 
Chapter XIV. 



CHAPTER IX. 

DYAD ELEMENTS 

Section I. 

OXYGEN, 0,. 

Atomic weight =16. Molecular weight =32. Molecular volume 
I I I . 1 litre weighs 16 criths. Aiomicity". Evidence 
of atomicity*, — 
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Water OH,. 

Potassic hydrate OKH. 

Argentic oxide 0-^g2* 

Hypochlorous anhydride OClj. 

Occttrrence. — In the free state in the atmosphere. In the 
combined state in water, in most mineral bodies, and in almost 
all animal and vegetable compounds. 

Preparation. — 1. If metallic mercury be heated to its boiling- 
point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, Hg"0. This compound, when 
more strongly heated, is resolved into its elements, 

2HsO = 2Hg -h O,. 

If erooric oxide. Mercury. Oxygen. 

2. By heating native manganic oxide (pyrolusite) a portion 
of its oxygen is liberated : — 

3MiiO, = *^(Mii3)vaiO, + 0,. 

Manganic oxide. Trimanganic tetroxide. 

3. Oxygen is evolved in nature in a remarkable manner by 
the decomposition of carbonic anhydride, 00,, by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
th0 oxygen escapes into the atmosphere : — 

CO, = C + O,. 

Carbonic anhydride. 

4. By the action of heat upon potassic chlorate ; — 

roci 

(Atomic) < =KC1 -h 30, or 

[OK 

roci 

(Molecular) 2^0 =2KC1 + 30,. 

[OK 

Potassic chlorate. Potassic Oxygen, 

chloride. 

5. By mixing the potassic chlorate with manganic oxide, 
the oxygen is evolved at a much lower temperature ; the man- 
ganic oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red-hot 
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platinum retort, the acid is decomposed into oxygen, sulpliu- 
rous anhydride, and water : — 

(Atomic) 
(Molecular) 



SO,Ho, = SO, + 


OH, 


+ 


0, or 


2SO,Ho, = 2S0, + 


20H, 


+ 


0,. 


Sulphnrloadd. Balphnroaa 
anajdride. 


Water. 







7. 5y the electrolysis of water. 

8. By the action of heat upon a mixture of manganic oxide 
and sulphuric acid : — 

(Atomic) MnO, + SO^Ho,, = SO,Mno" + OH, +0, or 
(Molecular) 2MiiO, + 2SO2H0, = 2SO,Mno"+20H,+ 0,. 

Ifan^nio Sulphuric Manganoiis Water, 

oxide. add. solpnate. 

9. By heating a mixture of potassic bichromate and sulphuric 
acid: — 

fCrO,Ko 
2^0 + 8SO,Ho, = 2SO,Ko, 

[ CrO,Ko 

Potassic bichromate. Sulphuric acid. Potassic sulphate. 

+ 2S30a('Cr;"Oa)^ + 30, + 80H,. 

Chromic sulphate. Water. 

10. By passing steam and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

20H, + 2C1, = 4HC1 + 0,. 

Water. Chlorine. Hydrochloric add. 

Beaction, — A mixture of two volumes of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
>The same compound is formed when hydrogen is burnt in oxy- 
gen or oxygen in hydrogen : — 

(Molecular) 2H, + O, = 2OH3. 

ALLOTBOFIC OXTGEK or OZONE, 0,. 

' Molecular weight =48. Molecular volume I I I . 1 litre weighs 
24 criths. 

Preparation, — 1. When electric sparks are passed through air 
or oxygen, a peculiar odour, which is due to ozone, is observed. 
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2. By placing phospborus in moist air at about tbe ordinaiy 
temperature for a few hours. 

3. By passing an electric current througb dilute sulphuric 
or chromic acid. 

Thus obtained, ozone is always mixed with a large proportion 
of air or oxygen. 

Properties, — Powerfully oxidizing. It oxidizes the metals 
silver and mercury, and organic matters at ordinary tempera- 
ture. When oxygen is converted into ozone, contraction of 
volume takes place ; and when the ozone is heated to 290°, it isr 
retransformedinto the original volume of ordinary oxygen, — ^in- 
, dicating that the molecule of ozone contains more atoms than 
the molecule of ordinary oxygen. 

In most cases of oxidation by ozone no diminution of the vo- 
lume of gas takes place, the additional atoms previously intro- 
duced into the molecules of oxygen being removed, and ordinary 
oxygen becoming free. But it has been recently shown by 
Soret, that oil of turpentine absorbs the whole molecule of the 
ozone, leaving untouched the oxygen which was previously pre- 
sent in the state of admixture. By observing the contraction 
during the production of the ozone and the diminution of 
volume produced by absorbing it with oil of turpentine, the 
density of ozone may be readily calculated, and consequently 
its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 3 atoms of oxygen. 

In ordinary oxygen, the molecule is composed of two atoms 
of oxygen, and is represented by 

r^ 

© weighing 32. 

In ozone the molecule contains 3 atoms of oxygen, and is re- 
presented by 

\ _/ weighing 48. 
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WATEB, Sydric Oxide. 
©-0-© OH,. 

Molecular weight =18. Molecular volume QU* ^ ^*^^^ 9f 
nooiter-va/powr weighs 9 criths, Fwes at 0°. Boils at 100°. 

Occurrence, — Most abundantly in nature. 

Formation, — 1. By the direct union of hydrogen and oxygen, 
as above. 

2. As a secondary product in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassic 
hydrate : — 

OKH 4- HCl = OH, + KCl. 

Potassic hydrate. Hydrochloric acid. Water. Potassic chloride. 

Beactions, — 1. By its action many metallic oxides are con- 
verted into hydrates : — 

OK, 4- OH, = 20KH. 

Potassic oxide. Water. Potassic hydrate. 

BaO + OH, = BaHo,. 

Baric oxide. Water. Baric hydrate. 

2. By its action on anhydrides it transforms them into 
acids : — 

fjfi, + OH, = 2NO,Ho. 

Nitric anhydride. Water. Nitric acid. 

SO3 + OH, = SO,Ho,. 

Sulphuric anhydride. Water. Sulphuric acid. 

P,0, + 30H, = 2POH03. 

Phosphoric anhydride. Water. Phosphoric acid. 

3. It also unites molecularly with many compounds as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaCl„20H, Baric chloride. 

SO,Nao„ lOOH, Sodic sulphate. 

S,0«Ko,CAl,'"Oe)^, 240H, . . . Alum. 
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HTDBOXTL, Sydric Feroadde. 

fOH 
(!K2)-;-0-<h) H,0,or(HO),orHo,or | qH* 

Prohahle molecular weight = 34. 

Preparation, — ^By passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

jgBa" + CO, + OH, « COBao" + {gg- 

Baric peroxide. Carbonic anhydride Water. Baric carbonate. Hydroiyl. 

Seactiom. — 1. By heat it is decomposed into water and 
oxygen:— 

2{oH = 20H, + 0, 

HydroxyL Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nas- 
cent hydrogen: if hydroxyl be introduced into an apparatus 
generating hydrogen, the gas ceases to be evolved : — 

SO,Ho, + Zn+lg]^ =r SO,Zno" + 20H,. 

Salphiuic add. Hydroxyl. Zinde sulphate. Water. 

3. Hydroxyl liberates iodine from potassic iodide : — 

2KI + {gg = 20KH + 1,. 

Potassic iodide. HydroxyL Potassic hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate : 

PbS" + 4|gg = SO,Pbo" 4- 40fl,. 

Plumbic sulphide. Hydroxyl. Plumbic sulphate. Water. 



OXIDES AND ACIDS OF CHLORINE. 
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OXIDES AND ACIDS OF CRLOBIITE. 

Oxygen forms many compounds with chlorine and with 
chlorine and hydroxyl ; but none of them can be produced by 
direct combination. The following list contains all that are 
known : — 



Hypochlorous 1 qq^ 
anhydride J " 

Chloric oxide ?...{§§• 

Chlorous anhy- f OCl 

dride -^ • 

[OCl 

OCl 
O 

o • 

OCl 



Chloric peroxide 



Chloric hyper 
oxide? 



''OCl 


o 



©-6K5) 
©-©-GHS) 

©-0-0-(oH°)-© 
0-0-0-<oH°)-©-0-© 



■1 z ■ 

i, OCl 
Hypochlorous acid, OCIH, or ClHo. ®-(°)-(fi) 



fOCl 



Chlorous acid .. . OClHo, or | q^- ©-0-0-0 



Chloric i 



fOCl 



OCl 



ic acid ... I Qg^, or jo- ©-0-0-0-© 



Perchloric acid 



roci 

,or 
OHo 



OH 

roci 
• ©K£>-0-0-0-® 

OH 
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HTFOCHLOBOUS ANHTDMDE. 

OCl,. 
Molecular weight =87. Molecular volwme \ \ | . 1 litre of 
hf/pochlorous anhydride vapour weighs 43*5 criths. Boils at 
about 20°. 

Freparation. — By passing chlorine over mercuric oxide at a 
low temperature : — 

fHgCl 
2HsO + 2C1, = ^O + OCl,. 

HgCl 



Mercuric 
oxide. 



Mercuric 
oxychloride. 



Hypoohlorous 
anhydride. 



CHLOBOUS ANHTDEIDE. 

roci 

o . 
loci 

Molecular weight =119. Molecular volume anomalous I I II . 
1 litre weighs 79*4 criths. 

Preparation. — By gently heating in a water-bath a mixture 
of potassic chlorate, nitric acid, and arsenious acid. Four dif- 
ferent reactions are to be distinguished in this operation : — 

1- {olo + NO,Ho = {gg; + NO,Ko; 

Potassic nitrate. 



+ NO,Ho = 

Potassic chlorate. If itrio add. 



Chloric acid. 



2. A8H03 4- NO,Ho = NOHo + AsOHo, ; 

Arsenioas add. Nitric add. Nitrons add. Arsenic add. 

fOCl 
tOHo 

Chloric acid. 



3. 



+ NOHo = OClHo + 

Nitrous add. Chlorous add. 



NO,Ho; 

Nitric add. 



4. 



2OCIH0 

Chlorous add. 



OCl 



OCl 

Chlorous anhydride. 



+ OH,. 

Water. 



HYFOCHLOROU8 ACID. 
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CHLOBIC FEBOZIDE. 

^OCl 


■ 

.OCl 
Molecular weight = 135, Boils at 20°. 

Preparation. — By the action of siilphurie acid on potassic 
chlorate : — 

fOCl fOci fS^i 

^{oKo+2SO,Ho,= ]o +2SO,HoKo+OH,+ g . 
lOKo OCl 



Potassic 
chlorate. 



Sulphnric Potassic Hydric potassic Water, 

acid. perchlorate. sulphate. 



Chloric 
peroxide. 



HTPOGHLOBOUS ACID. 

OCIH, or ClHo. ,/ 

Molecular weight = 52*5. 

Preparation, — 1. By the action of water on hypochlorous 
anhydride ; — 

OCl, + OH, = 2ClHo. 



HypochlorouB anhydride. 



Water. 



Hypochlorous add. 



2. By the action of cMorine upon mercuric oxide in the pre- 
sence of water : — 

fHgCl 
2HsO + OH, + 2CL = -^O + 2ClHo. 

[HgCl 

Merooric oxide. Water. Chlorine. Mercuric Hypochlorous 

oxychloride. acid. 

BeactioM, — 1. By the action of hydrochloric acid, chlorine 
is evolved from both the hydrochloric acid and hypochlorous 
acid: — 

ClHo + HCl = CI, + OH,. 

Hypoohloroas acid. Hydrochloric acid. Chlorine. Water. 
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2. By the action of argentic oxide, oxygen is evolved from 
both compounds : — 

OAg, -h 2ClHo = 2AgCl + OH, + O,, 

Ai^ntio Hypochloroua Axventic Water, 

oxide. add. chloride. 

3. By the action of hypochlorous acid, metallic oxides or hy- 
drates are converted into hypochlorites : — 

OKH 4- ClHo = ClKo + OH,. 

Potassic hydrate. HjpochlorooB Fotassio Water, 

add. h7x>odilorite. 

It was formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates : — 

2CL, + 2CaHo, = CaCL, + Cao"CL, -f 20H,. 

Caldo hydrate. Caldo diloride. Caloio hypodilorite. Water. 

But the so-called chloride of lime or bleaching powder does 
not contain calcic chloride, and the true reaction appears to be 

CaHo, + CI, = Ca(OCl)Cl + OH,. 

Caldo hydrate. Bleaching powder *. Water. 

By the action of acids this compound yields free chlorine : — 
Ca(OCl)Cl + SO,Ho, = SO,Cao" + OH, + CI,. 

Bleaching powder. Sulphuric add. Galdc sulphate. Water. 



CHLOItOUS ACID. 

OClHo or jgg. 
Molecular toeiffht =QS'5. 

Prepctration, — By the action of water upon chlorous anhy- 
dride :- 



^0 + OH, = 2] 



OCl 
OH. 



Chlorous anhydride. Water. Chlorous add. 



CHLORATES. 
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CHLOBIC ACID. 



fOCl 
tOHo 



or 



Molecular weight =84*5. 



roci 
[oh 



fOCl 
lOHo 



SO,Bao". 



Preparation. — By the action of dilate sulphuric acid upon 
baric chlorate : — 

roci 

V Bao" + SO,Ho, 
I.OC1 

Baric chlorate. Sulphnrio add. Chloric add. Baric aulphate. 

Decomposition,— Bj boiling, it is decomposed into perchloric 
acid, water, cUorine, and oxygen : — 

ofoci _• jooi 

Chloric add. Perchloric add. . Water. 

Preparation of Chlorates. — 1. Potassic chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 
of potassic hydrate : — 

fOCl 



+ CI, + 20,. 



60KH + 3C1, = 5KC1 + 



Fotaadc 
hydrate. 



Chlorine. 



Fotaaaic 
chloride. 



tOKo + 30H, 



Potassic 
chlorate. 



Water. 



2. Calcic chlorate is made by passing chlorine through boiling 
milk of lime : — 



6CaHo, + 6C1, = 



Galdc hydrate. 



roci 



Cao" 
O 
OCl 

Calcic chlorate. 



+ 5CaCl, + 60H, 



Caldc chloride. 



Water. 

By the addition of potassic chloride to the calcic chlorate, 

D 
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PEKCHLOKIC ACID AND PERCHLORATES. 



potassic cblorate is formed ; the latter is then separated &ora 
the calcic chloride by crystallization : — 



OCl 


Cao" 
O 
^OCl 

Calcic 
chlorate. 



+ 2KC1 = 2{g^^ + CaCl.. 



Potasno 
chloride. 



Fotaseio 
chlorate. 



Calcio 
chloride. 



PEKCELOBIC ACID. 



fOCl 
or -i 
OHo 



''OCl 


o • 

OH 



Molecular weight =100"5. 



Preparaiion. — Potasaie perehlorftto is distilled with about 
three times its weight of Bulphnric acid: — 

fOCl fOCl 

2^0 + SO.Ho. = 2-^0 + SO,Ko.. 

(OEo (OHo 

Fataasic pei^hlarate^ BolplmriD fl(^d. Pcrp^hloric uud. Potaosa BTilphite. 

The impure pereMoric acid ia then carefully rectified, when 
pure perchloric acid pasaes over as an oily liquid towards the 
end of the operation. 

It forms with water a white crystalline hydrate, 
' Frefparation of Fot€tssic I^ercMorate. — 1, Potasaic chlorate 
ia heated gradually, and the proceea arrested when one-third 
of the oxygen preaent has been evolved ; the residue then con- 
tains potassic chloride and perchlorate : — 



2 



fOCl 
tOKo 



= KCl 



roci 

OKo 



-h 0,. 



Pat&aaii; ohloratv. PotaHic chloride. Fotuaic perchlorate. 
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By ciystallization the two salts are separated. 

2. When potassic chlorate is gradually introduced into boiling 
nitric acid, chlorine and oxygen are evolved, potassic nitrate 
and perchlorate being formed : — 

3 |g^^+2NO,Ho=2NO,Ko+OH,+ J O +Cl,+20,. 

Potassio Nitric add. Fotassio nitrate. Water. Potaasio 

chlorate. perchlorate. 

These salts are then separated by crystallization. 



CHAPTER X. 

TEIAD ELEMENTS. 

Section I. 

BORON, B,. 

Atomic weight =11. Frohdble molecular weight =22, S^.gr., 
diamond variety, 2*68. Atomicity "', Evidence of ato- 
micity : — 

Boric chloride WC\. 

Boric fluoride B'^Fg. 

Boric ethide B'^'Etg. 

Occurrence. — ^Found only in combination with oxygen. 
Preparation : — 

a. Amorphom horon. — 1. By igniting boric anhydride with 
sodium: — 

B.O, -h 3Na, = SONa, + B,. 

Bono anhydride. Sodium. Sodic oxide. 

2. By passing boric chloride over heated potassium : — 
2BCI3 + 3K, = 6KC1 + B,. 

Boric chloride. Potassic chloride. 

d2 
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)3. Oraphitoidal baron, — ^By passing boric chloride oyer fused 
aluminiuin : — 

Al, + 2BC1, = 'A1."'C1, + B.. 

Bono chloride. Aluminio diloride. 

y. Diamond horon, — By fiising boric anhydride with alumi- 
nium:— 

Al, + B.O, = 'A1,"'0, + B,. 

B(Mrio anhydride. Aluminio oxide. 

MeactionB ; — 

a. AmorpJtom horon. — 1, Uecomposea hot sulphuric acid :- — 

B, + aSO^Ho, = B,0, + 30H, + 3S0,, 

Bulphnhc mcid. Borio »iihTJUideL Wwtef^ BolphOFiHifl uihjdxide, 

2. Decomposes nitric acid : — 

B, + 6WO,Ho = 2BHo, + SW^^'O,. 

Nitric acid, UaHi? acid. If Ltric perc?xide. 

3. Decomposes alkaline carbonates, sulphates, and mtrates : — 

B, + 3CONao, = 2BNao3 + 3C"0. 

Bodic carboniite. Triudio bontfl. Carbomo oxide. 

Bj + 3SO,Ko, ^ 2BKo, + 3S0,. 

FotuHO sulphate. TriiKitBaiiA borstc. SulphiirQm uihydrtde. 

B, + GWO^Ko = 2BK03 4- STT^^^O,, 

FoteuLC nitraU.'. Tripotuvc boi^e- If ifcrjo peroxide. 

4. Boron is one of the very few elements which unite directly 
with nitrogen :^ — 

B, H- IST, = 2B'"]Sr'^ 

Bodo nitride. 

y. Diamond horon.^~l. When fused with hydricpotaasic sul- 
phate, boric anhydride ia formed: — 

GSO.HoKo + B, = B,0, + 3SO,Ko, + 30H, + 3S0,. 

HTdric pcrtauio Borio Potiiwrio aul- Water. Bulphury^ui 

■olpbate. nikliydricte- phata. anhydride, 

1^0 compound of horon with hydrogen has been obtained \ 
but the chloride^ bromide, and fluoride are known. 



COHPOXTNDS OF BORON. 53 

BOBIC CHLOBIDE. 
BCl.. 
Molecular weight =117*6. Molecular volume □□• ^ ^^^^^ 
of boric chloride vwpowr weighs 58*75 criths. Sp, gr. 1*35 
at 7°. Boils at 17°. 

Preparation. — By passing chlorine over a mixture of boric 
anhydride and charcoal heated to redness : — 

Bfi, + 3C1, + C, ^ 2BC1, + 3C0. 

Bono anhydride. B<nno chloride. Carbonic oxide. 

Beaction. — In contact with water it forms hydrochloric and 
boric acids : — 

BCI3 + 30H, = 3Ha + BH03. 

Boric chloride. Water. Hydrochloric add. Boric acid. 



BORIC BBOmSE. 
BBr,. 

Molecular weight =251. Molecular volume m . 1 litre of 
boric bromide vapour weighs 125*5 criths. 8p.gr, of liquid 
=2*69. Boils at 90'' C. 

Prepared and decomposed in exactly the same way as the 
chloride. 



BOBIC FLUOBIDE. 

BF3. 
Molecular weight =68. Molecular volume m * 1 Hire weighs 
34 criths, 

Breparation, — 1. By strongly heating boric anhydride with 
calcic fluoride : — 

2B,03 + 3CaF, = B.Cao," -h 2BF3. 

Boric anhydride. Caldc fluoride. Caldc borate. Boric fluoride. 
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2. By heating together boric anhydride with calcic fluoride 
and sulphuric acid : — 

B,0, + 3Car, -f 3SO,Ho, = 3SOHo,Cao" -f 2BF3. 

Borio Caloio Snlphorio Dihydric caldo Boric flno- 

anhydride. fluoride. add. sulphate*. ride. 

Beaction, — By contact with water boric fluoride forms a 
peculiar acid, the hydrofluoboric acid, the constitution of which 
IS not well understood : — 

4BE3 + 30H, = 3(Br3,Hr) + BH03. 

Bono fluoride. Water. Hydrofluoboric add. Borio add. 

This acid acts upon metallic hydrates, forming salts : — 
Br3,HF -f OKH = BF3,KF -f OH,. 

Hydroflnoborio Fotasdo Potasdc Water, 

add. hydrate. borofluoride. 

Possibly the boron in these compounds is pentadic; thus 
B'HF, and B'KF,. 



BOBIO ANHTDBIBE AND ACIDS. 

B,0, 
BOHo. 



Boric anhydride BjO,. 

Monobasic boric acid 1 



Metaboric acid 

Tribasic boric acid ... ■ ^tt 

Boric acid 



.:::} 



BOSIC ANHYDRIDE, Boracie anhydride. 
B,0,. 
Molecular weight = 70. Sp. gr, 1*83. 

Breparation, — By fusing boric acid at a red heat : — 
2BH03 = B,03 + 30H,. 

Boric add. Boric anhydride. Water. 

* See sulphurio acid, Chap. XIII. page 81. 
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BOBIC ACID, Boracie Acid, Orthohoric Acid. 
BH03. 
Molecular weight =62. 8p, gr, 1'479. 

Occurrence, — Contained in the steam which escapes from the 
9uffioni in some parts of Tuscany. 

FrepcMration. — By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling: — 

B,0,Nao, + 2HC1 -f 50H, = 4BH03 + 2NaCl 

Borax. Hydrochloric Water. 



Boric 
add. 



Sodic 
chloride. 



Beactions, — 1. At the temperature of 100° it loses water, 
being converted into metaboric acid : — 

BH03 = BOHo -h OH,. 

Boric add. Metaboric add. Water. 

2. By the action of metallic hydrates, oxides, or carbonates, 
borates are formed. 

The mineral tvncal contains borax, an abnormal sodic borate, 
B.OjNa^,, lOOH,. 




A trimagnesic ocfohorate is known as the mineral horacite i — 
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BOSIC SULFmSE. 

Molecular weight =118. 

Preparation. — ^Bypassing carbonic disulphide over a mixture 
of carbon and boric anhydride heated to bright redness : — 

2B,03 + 3CS;' +80 = 2B,S3" + 6C"0. 

B<»io Carbonio Boric Carbonic 

anhydride. disolphide. solphide. oxide. 

Beaction. — Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid : — 

B,S3" -h 60H, = 3SH, + 2BH03. 

Boric Water. Sulphuretted Borio 

sulphide. hydrogen. acid. 



BORIC NITRIDE. 

BN'". 
Molecular weight ^26, 

Preparation. — 1. By heating boron in nitrogen (see p. 62). 
2. By heating together borax and ammonic chloride : — 

B.O^Nao, -h 4NH,C1 = ^BN'" + 2N'aCH- 

Borax. Amxnonio chloride. Boric nitride. Sodic chloride. 

70H. + 2HC1. 

Water. Hydrochloric acid. 

Reaction, — When fused with potassic hydrate, boric nitride 
yields tripotassic borate and ammonia : — 

BN'" + 30KH = BK03 + NH3. 

Boric Potassic Tripotassic Ammonia, 

nitride. hydrate. borate. 
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CHAPTER XI. 

TETBAD ELEMENTS. 

Section I. 

CAEBON, C. 

Atomic weight =12. Atomicity " and *^. Evidence of atomi- 
city \— 

Carbonic oxide C"0. 

Carbonic tetrachloride... C^'^Cl^. 

Marsh-gas C^^H^. 

Chloroform OvHClg. 

Occurrence. — In large quantities in nature, but chiefly in 
combination. 

Manufactwre. — By the carbonization of animal and vegetable 
matters. 



COMFOTTNBS OF GAI^BON WITH OXYGEN. 

CABBONIC ANHYDBIDE. 
CO, 
Molecular weight =44. Molecular volume I I I . 1 litre 
weighs 22 criths. Mtses at —57°. Boils hehw its melting- 
point 
Occurrence. — ^In the atmosphere, and dissolved in water. 
Formation. — By the combustion of carbon and of carbona- 
ceous substances in air or oxygen. In respiration, decay, putre- 
faction, and fermentation. During the formation of coal. 
Evolved from volcanoes. 
Preparation. — 1. By burning carbon in air or oxygen : — 

C -f 0, = CO, 

Carbonic 
anhydride. 

d5 
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2. By the action of acids upon metallic carbonates : — 
COKo, + SO,Ho, = CO, + OH, + SO,Ko,. 

Fotassio Salphurio add. Carbonio Water. Fotassio 

oarbonate. anhydride. sulphate. 

COKoHo + NO,Ho = CO, + OH, + Np,Ko. 

Hydric potasaio Nitric add. Carbonio Water. Fotasaip 

oarbonate. anhydride. nitrate. 

OOCao" + 2HC1 = CO, + OH, + OaCl,. 

Calcic Hydrochloric Carbonio Water. Calcic 

oarbonate. acid. anhydride. chloride. 

Reactions, — 1. Carbonic anhydride is decomposed by heated 
potassium : — 

3C0, + 2K, = 2COKo, -h C. 

Carbonic anhydride. Fotasrac carbonate. 

2. It acts upon metallic hydrates, forming carbonates : — 
CO, + 2KHo = COKo, + OH,. 

Carbonic anhydride. Fotaasic hydrate. Fotassic carbonate. Water. 

CO, + CaHo, = COCao" + OH,. 

Carbonic Calcic Calcic Water, 

anhydride. hydrate. carbonate. 

Carbonic acid, COHo,, is not known. 



CABBONIC OXIDE, 
CO. 
Molecular weight =28. Molecular volume m . 1 litre 
weighs 14 criths. 

Formation. — In the combustion of carbon or carbonaceous 
matter with a limited supply of air. In destructive distilla- 
tion of many organic substances containing oxygen. 

Preparation, — 1. Bypassing carbonic anhydride over red-hot 
charcoal : — 

CO, + C = 2C0. 

Carbonic anhydride. Carbonic oxide. 
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2. By passing carbonic anhydride over red-hot iron : — 

4CO3 + Fe, = *^(Pe3)^0, + 4C0. 

Carbonic anhydride. Triferric tetrozide. Carbonic oxide. 

3. By heating iron or carbon with a carbonate : — 

COCao" + C = CaO + 2C0. 

Calcic carbonate. Idme. Carbonic oxide. 

4. By heating oxalic acid with sulphuric acid (by which water 
is removed from the former), and then separating the carbonic 
anhydride by washing with sodic hydrate : — 

Oxalic add. Water. Carbonic Carbonic 

oxide. anhydride. 

5. By heating formic acid or a formate with sulphuric acid : — 

{cOHo = OH» + CO- 

Formic add. Water. Carbonic oxide. 

6. By heating potassic ferrocyanide with sulphuric acid: — 
Fe"CeNeK, + 60H, + 6SO,Ho, = 6C0 

Potassic ferrocyanide. Water. Sulphuric acid. Carbonic oxide. 

+ 2SO,Ko, + SO,reo" + 3S0,(NH,0),. 

Fotasdo sulphate. Ferrous sulphate. Amnionic sulphate 

Beactions, — 1. It bums in air and oxygen, producing car- 
bonic anhydride : — 

CO + = CO,. 

Carbonic Carbonic 

oxide. anhydride. 

2. Carbonic oxide and chlorine unite under the influence of 
light (p. 30), forming carbonic oxydichloride or phosgene gas^ 
COCl,. 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 
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CHAPTER XII. 

FBNTAD ELEMBNTS. 

Section I. 

NITBOGEN, Azote, N,. 

Atomic weight =14. Molecuktr weight = 28. Molecular volume 
m - 1 litre weighs 14 critTis, Atomicity ^, which, hy 
the mutual saturation of pairs oflonds, becomes reduced to 
"' or to ' (see p. 20). Evidence of atomicity : — 

Nitrous oxide ON^. 

Ammonia N'"!!, 

Ammonic chloride BTH^Cl. 

Occurrence, — In the firee state in the atmosphere. In some 
nebulae ? In combination, in animal and vegetable bodies. 

Preparation. — 1. By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride with potassic or sodic nitrite : — 

N"'0(N^H,0) = N, + 20H:,. 

Ammonic nitrite. Water. 

NH,C1 + NONao = NaCl + N, + 20H,. 

Ammonio chloride. Sodic nitrite. Sodic chloride. Water. 

4. By passing chlorine through an excess of solution of 
ammonia : — 

8NH3 + 3C1, = 6NH,C1 + N,. 

Ammonia. Ammonio chloride. 
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OXmUS AND OX'ACIDS OF NITROGEN. 
» Nitrous oxide ON,. (^HS)-® 

{NO C^ (^ 

NO* JO. A 

fNO 

Nitrous anhydride sO • Ji Jl 

Ino 0-0-0 

{NO (?)-^(^)--(?) 

NO** X 

fNO, Y Y 

Nitric anhydride <0 . (VWoV/n) 

Ino, rSTr^ 

Nitrous acid NOHo. ©=0-0-© 

Nitric acid NO^Ho. (nMoMhI 

NITRIC ACID, Aqtiqfortis. 
NO,Ho. 
Molecular weight =63. Molecular volume rn » 1 K^« 
of nitric acid vapour weighs 31*5 criths. Fuses at —60®. 
^(>»7« at 84°-5. 

^ This compound is anomalous ; for its molecule, deduced from the spe- 
cific gravity, is represented by NO. The dissociation which in the 

jjq'* is very imperfect at 0® C, but almost complete at 100® C, 

is probably nearly complete in the case of N^O, at the lowest temperature to 
which this gas has hitherto been exposed. 
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Production. — 1. By the slow oxidation of nitrogenized orga- 
nic matter in the presence of powerful bases. 

2. By the passage of electric sparks through moist air. 

Manufacture. — By distilling potassic nitrate (nitre) or sodic 
nitrate (cubic nitre) with concentrated sulphuric acid :— * 



NO,Ko + SO,Ho, = 


= SO.HoKo + NO^Ho 


FotsBsio Solphario 
nitrate. acid. 


Hydric potaasio Nitric acid, 
sulphate. 



By employing two molecules of potassic nitrate and one of 
sulphuric acid a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid. The reaction takes place in two stages ; — 

1. 2NO,Ko + SO.Ho, = SO,HoKo 

Potaasio nitrate. Sulphuric add. Hydrio pc^iassio sulphate. 

+ NO,Ko + NO.Ho: 

Fotassio nitrate. K itrio add. 

2. SO,HoKo + NO,Ko = SO,Ko, + NO,Ho. 

Hydrio potaasio sulphate. Fotaaaic nitrate. Potaasio sulphate. Kitrioadd. 

Decompositions. — 1. The decomposition which the nitric 
acid undergoes by heat is expressed in the following equa- 
tion: — 

4NO,Ho = 20H, + 2'N,i^0, + O,. 

Kitrioadd. Water. Nitric peroxide. Oxygen. 

2. By the action of metallic oxides or hydrates, nitric acid 
produces nitrates : — 

OKH -♦- NO,Ho = NO,Ko + OH,. 

Potaasio hydrate. Nitric add. Potassic nitrate. Water. 

fNO, 
PbO + 2NO,Ho =-^Pbo" + OH,. 

[no. 

Plumbic oxide. Nitric acid. Plumbic nitrate. Water. 
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KITBIC ANHTDBIDE. 
N,0, 

Probable molecular weight =108. Frobable molecular volume 
m » i^e«a#29°-5. Boils at 4ib''. 

Preparation, — By passing dry cUorine over argentic ni- 
trate: — 

4NO,Ago + 2C1, = 4AgCl + 2N,0« + O,. 

Argentio nitrate. Argentic Nitric 

chforide. anhydride. 

Reaction, — By the action of water it forms nitric acid : — 
N,0, + OH, = 2NO,Ho. 

Kitrio anhydride. Water. Nitric acid. 



NITSOUS ANHTDBIDE. 

Probable molecular tneiyht =76, Frobable molecular volwme 

CD- 

JPreparation, — 1. By heating together nitric acid and starch. 

2. By gently heating nitric acid with arsenious anhydride : — 
A«,0, , + 2NO,Ho = A»,0, + N,0, + OH,. 

Arsenious Nitric acid. Arsenic Nitrous Water, 

anhydride. anhydride. anhydride* 

3. By the action of nitric acid on silver :— 

6NO,Ho + 2Ag, = 4NO,Ago + Nfi, + 30H,. 

Nitric acid. Argentic nitrate. Nitrous anhydride. Water. 



NITItOUS ACID. 
NOHo. 
Molecular weight a 47. 

Preparation, — ^By mixing liquefied nitrous anhydride with 
a small quantity of water : — 

N.O, + OH, = 2NOHo. 

Nitrous Mihydride. Water. Nitrous add. 
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Decompositions, — 1. In the presence of mucli water, nitric acid 
and nitric oxide are formed : — 

6NOH0 = 2NO,Ho + 2'N",0, + 20H,. 

KitrouB add. Nitric add. Nitric oxide. Water. 

2. Nitrous acid acts as a reducing agent under some circum- 
stances : — 

2NOH0 + O, = 2NO,Ho; 

NitrouB add. Nitric add. 

and as an oxidizing agent under others : — 

4N0H0 = 2'N",0, -f 20H, + O,. 

Nitroaaadd. Nitric oxide. Water. Oxygen. 

3. By the action of metallic oxides or hydrates, nitrous acid 
forms nitrites : — 

OKH + NOHo = NOKo + OH,. 

Potaadc hydrate. Nitrous add. Fotassio nitrite. Water. 



KITBOXJS OXIDE, Laughing Gas. 
ON,. 

Molecular weight = 44. Molecular volume rTI * 1 ^*^''^ 
weighs 22 criths. Fuses at —101°. Boils at —88°. 

Preparation. — 1. By the action of dilute nitric acid on zinc : — 

I NO, 
10NO,Ho + Zn, = ON, + 4-^Zno" +50H,. 

[no. 

Nitric add. Nitrous oxide. Zindc nitrate. Water. 

2. By heating ammonic nitrate : — 

NO,(N'H,0) ^ 20H, + ON,. 

Ammonic nitrate. Water. Nitrous oxide. 
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NITEIC OXIDE. 

Molecular weight =60. Molecular volume anomalous H-j* 
1 litre weighs 15 criths. 

Preparation, — By the action of nitric acid upon mercury or 
copper : — 

3Cu + 8NO,Ho = 3JCuo" + 'N",0, + 40H,. 

Nitxioadd. I ^^2 Nitric oxide. Water. 

Cvprio nitra^. 

Beaction. — Unites directly with oxygen : — 
2'N",0, + O, = 2N'',03: 

Nitric oride. Nitrous 

anhydride. 

WA + 0, = 'N"A- 

Nitric oxide. Nitric peroxide. 



NITRIC PEROXIDE. 



{ggsorW'A. 



Molecular weiglit =46 to 92. Molecular volume m io 
1 litre weighs 23 to 46 criths. 

Preparation, — 1. By the union of nitric oxide with oxygen 
(see above). 

2. By the action of nitric acid upon tin : — 

Sn« + 20NO,Ho = Sn,0,Ho,o + ^OH, + lOW^O,. 

Nitric acid. Metastannio acid. Water. Nitric peroxide. 

Decomposition, — By the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 



'ir^o. 


+ 


20KH 


=: 


NO,Ko 


+ 


NOKo 


+ 


OH,. 


Nitric 




PotasBic 




Potassic 




Potassic 




Water. 


peroxide. 




hydrate. 




nitrate. 




nitrite. 
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OOMFOUm)S CONTAINING NITROGEN, CHLO^ 
EINU, AND OXYGEN 

NITBOXJS OXTCHLOEIDE, Chloronitrous Gas. 
NOCl. 
Molecular weight =65*5. Molecular volume I I L 1 litre 
weighs 32-75 criths. Boils at 0° C. 

A mixture of nitric and hydrochloric acids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride : — 

NO.Ho + 3HC1 = NOCl + 20H, + Cl^. 

ITitrioftcid. Hjdrochlorio Nitrous Water, 

add. ozyohloride. 



IHTBIC DIOXT-TETEACHLOEIDE, Chloronitric Gas. 
N^^^O.Cl,. 

Prepared, together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids : — 

2NO,Ho + 6HC1 = ir^O.Cl, + 40H, + CI,. 

Kitrioadd. Hjdroohlorio add. Chloronitric gas. Water. 



KITEIC DIOXTCHLOItlDE, Chloropemitric Gas. 
N0,C1. 

Preparation, — By mixing phosphoric oxytrichloride and 
plumbic nitrate : — 

fNO 
S-^Pbo" + 2PC1.0 = P,0,Pbo", + 6N0,C1. 
[NO, 

Plnmbio nitrate. Phosphoric Triplmnbic Nitric 

ozytrionloride. diphosphate. dioi^chloride. 



AMMONIA. 
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OOMFOUJn)S OF NITROGEN WITH STDBOQEN. 

AlEMOKIA. 

NH3. 

Molecular weight = 17. Molecular volume fTI . 1 litre weight 
8-6 criths. Fuses at —75''. Boils at — 38°-5. 

Occurrence. — ^In the atmosphere in very minute quantities. 

Formation, — By the decay of animal and vegetable matters 
containing nitrogen. 

Manufacture, — By the destructive distillation of animal 
matter, as horn or bones, and of vegetable matter, as coal. 

Preparation. — By heating a mixture of Hme and anunonic 
chloride (sal-ammoniac) : — 

2NH,C1 + CaO = CaCl^ + 2NH3 + OH,. 

Lime. Calcic Ammonia. Water. 



Ammonio 
chloride. 



Reactions. — 1. Decomposed by chlorine (see p. 60). 
2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen is ^ : — 



N"'H, 


+ HCl = N'H4C1. . 

Hydrochloric acid. Ammonic chloride *. 


N"'Hj 


+ irO^Ho = TrO,(N^H,0), 

Nitric add. Ammonio nitrate f. 


2N"'H, 


+ SO,Ho, = SO,(N'H.O),. 

Sulphuric add. Ammonio sulphate X. 
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AMHONIXriL 

Inh; 

This monad radical has never been obtained in the free state^ 
but its compounds are perfectly analogous, in crystalline form 
and other properties, to those of potassium. These facts 
have induced some chemists to consider the group NH^ as a 
metal, to which they have given the name ammonium — an hypo- 
thesis which is considered to receive support from the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative electrode being mercury and the positive a platinum 
plate, the mercury is observed to swell up, owing to the forma- 
tion of a spongy metallic mass. 

2. By preparing an amalgam of potassium or sodium, and 
pouring it into a slightly warmed solution of ammonic chloride, 
the amalgam is found to swell enormously, potassic or sodic 
chloride being simultaneously formed : — 

HgnNam + mNH4Cl = Hgn(N^HJm + mNaCL 

Sodio *>.T»ft^g«"»- Anminnin ohloride. Amiuoiiio ftTpftlgATr^. Bodio chloride. 

Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated # 
in the proportions of 2NH3 to H^ : — 

2Hgn(]Sr^H4)in = 2nHg + 2mNH3 + mH,. 

Ammonio amalgam. Mercury. Ammonia. 

Ammonium plays the part of a compound monad radical, and 
its salts are isomorphous with those of potassium ; they are 
all volatile, unless the acid from which they are derived 
be fixed. 



SULPHUR. by 

coMFOirim OF nitboqen with cszobinu, 

NITBOXJS CHLOEIDE. 

NCI3? 
Freparation, — By the action of chlorine upon amnionic 
chloride : — 

BTH.Cl + 8C1, = Kr"Cl, + 4HC1. 

Ammonio chloride. Nitooos chloride. H jdrodhlorio acid. 

The formula of this compound is not fixed with certainty ; it 
may contain hydrogen, and it is possible that the two compounds 
intermediate between ammonia and nitrous chloride may exist: — 

NH3, NH,C1, NHCl^ NCI,. 



COMFOUNB OF NITEOGFN WITH IODINE ANB 
RTDBOGEN. 

NITBOXJS HTDEODINIOBIDK 

FreparaUon. — By the action of ammonia on iodine a brown 
substance is obtained, which has the composition NHI^. It is 
formed according to the following equation : — 

3NH3 + 21, = NHI, + 2Traj. 

Ammonuk Kitroos Ammonio 

hyclrodiniodide. iodide. 



CHAPTER XIII. 

HEXAD SLEMBNTS. 

Sectiok I. 

SULPHUR, S,. 

Atomic weight =32. Molecular weight 3s64. Molecular volume 
m at 1000° C, hut only one-third of this at its hoiUng' 
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point, 1 litre of sulphur vapour weighs 32 criths. Atomi- 
city " *^ and ^. Evidence of atomicity : — 

Hydrosulphuric acid ® '^2. 

Triethylsulphine iodide S^^EtjL 

Sulphuric dioxydichloride S^OaClj. 

Sodic nitrosulphate S^^O (]S"0)2Na02. 

Occurrence. — Found in the free state in volcanic districts, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Manufactured from native sulphur, and from 

Iron pyrites PeS^'j. 

Copper pyrites (PeCu)S2". 

Character. — Sulphur is capable of existing in several allo- 
tropic forms, of which the following are the most important : — 

Condition. Specific gravity, ^^^^^^^.t^^^' 

a. Octohedral 2*05 Soluble. 

/3. Prismatic 1*98 Transformed into a. 

y. Plastic 1*95 Insoluble. 

d. Powder 195 Insoluble. 

"When united exclusively with basylous elements or radicals, 
sulphur is almost invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formulae : — 

Oxygen compounds ... OK^, OKH, CO^, COKoj,. 
Sulphur compounds... SK^, SKH, CS,", CSKs,. 



COMPOUNDS OF SULFHUB WITH FASTZ0U8 
OB FOSITIVF ELEMENTS. 

Sulphuretted hydrogen SH^, 

Iljdroaulphyl 'S'^^, or Hb^. 

Carbonic die ulphide .,.,*,-. ^^a"- 
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SIJLFHIJEETTED HTDROGEN, Sydrosulphwric Add, 
Sulphhydric Acid. 

SH,. ©-©-© 
Molecular weight =34. Molecular volume QJ. 1 litre weighs 
17 ^yriths. Solid at — 85°*6 C. Liquid under a pressure 
of IT atmospheres at 10° C. 

Occurrence. — Evolved with other gases from volcanoes and 
fiimaroles. Found also in hepatic mineral waters, and frequently 
in waters which contain both organic matters and sulphates. 

Preparation. — 1. By direct union of its elements : — 

H, + S = SHj. 

2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide : — 

PeS" + 2HC1 = SH, 



FerrooB 
sulphide. 



Hydrochloric 
acid. 



PeS" + SO,Ho, 



Ferrous 
sulphide. 



Sulphuric 
acid. 



+ 

Sulphuretted 
hydrogen. 

= SH, + 

Sulphuretted 
hydrogen. 



PeCl,. 

Ferrous 
chloride. 

SO,Feo", 

Ferrous 
sulphate. 



3. By the action of hydrochloric acid on antimonious sulphide 
with the aid of a gentle heat : — 

Sb.Sg" + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hydrochloric Sulphuretted Antimonious 

sulphide. acid. hydrogen. chloride. 

Beactions. — 1. It is immediately decomposed by chlorine, 
thus : — 

SH, + CI, = 2HC1 + S. 

2. It is also rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide : — 

Te;"03 + 3SH, = ^PeS" + S + 30H,. 

Ferric oxide. Sulphuretted Ferrous Water, 

hydrogen. sulphide. 

3. The sulphhydrates and sulphides of the metals are produced 



72 COMPOUNDS OP SULPHUR. 

by the action of hydrosulphuric acid on the hydrates and 
oxides, thus : — 

OKH + SH, = SKH + OH,. 

Potaaaio Sulphuretted FotMsio Water, 

hydrate. hydrogen. aulphhjdrate. 

BaHo, + 2SH, = BaHs, + 20H,. 

Bario hydrate. Sulphuretted Bario Water, 

hydrogen. lulphhydrate. 



OAff. + SH, = SAg, + OH.. 

Ar]geiitt{] SnlphuTtjttud Anc^nda Water. 

Dxidle, hydrogen. siil[ihld«. 

CnO + SH, = OnS" + OH;,. 

Otipric BuJphnr«tted Cuprio Water, 

hydrogen- anlpaicLe. 



HYDEOSULPHYL, E:^dric PermdpUde. 
'S;H,, or H8,, 

Probable molecuhr wei^hi ^66. %. ^. 1'769. 

Fr^artdion. — By pouring a solution of caleic diBulphide 
into hydrochloric acid : — 

«;Ca' + 2HC1 = 'S;H, + CaCl^, 

Oaku? ditolphide. HydrocMorie acid. HydroflpJphyL Calcic chlorfdv. 

Cfharacier. — It is the analogue of hydroiyl in composition 
and functions. 



CAEBOKIC DISULPHlDEj Bisulphide qf Carbon. 
OS,* 

Molecutar weight &76. Molecular volume fTI ' 1 litre of 
carhonie dkulfh ide vapour weighs SB ariths. Speci/k grtmit^ 
1-26, BoiUat4^^^, 
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Preparation, — 1. By passing sulphur over strongly ignited 
charcoal : — 

C + S, = CS'V 

Carbonio 
dimlphide. 

2. By heating together charcoal and iron- or copper-py- 
rites : — 



2PeS", = CS", + 2PeS". 

LronpTTites. Carbonio Ferrous 

Fenio aisolphide. disolphide. eulphide. 



Decomposiiions, — 1. Heated potassium bums in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
liberation of carbon : — 

CS", -I- 2E; = 2SK, + C. 

Carbonic disolphide. Potassio sulphide. 

2. When brought into contact with a solution of an alkaline 
hydrate, carbonic disulphide is decomposed, a carbonate and a 
sulpho-carbonate being formed : — 

60KH -f- 3CS", = 2CS"K8, + COKo, -f 30H,. 

Potassio Carbonic Potassic Potassio Water, 

hydrate. disulphide. snlpho-oarbonate. carbonate. 

3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbonates : — 

SK, + CS", = CS"Ks,. 

Potassic sulphide. Carbonio disulphide. Potassio sulpho-carbonate. 



SULFHO^ABBOKIC ACID. 

OS"H8,. 
Preparation. — By the action of hydrocUoric acid on amnionic 
gnlplto-carbonate: — 

OS"(NH.S), + 2HC1 = 08"Hb, + 2ira,Cl. 

Ammonio Hydrochloric Snlpho-oarbonio Ammonio 

snlpho-oarbonate. acid. add. chloride. 
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COMFOUHmS OF 8ULFHUB WITH OXTQEN AITD 
HTDBOXTL, 

In these compounds the sulphur is either a dyad, a tetrad, or 
a hexad. 

Sulphurous anhydride SO,. (2)^=®=® 

Sulphurous acid SOHo, ^^^,^5^^^^^^ 

Sulphuric anhydride SO,. 

Sulphuric acid, (^y*^*^ 1 sO JEo ffiVTSV^sWoWHi 

^hate,) J "^ '' 

To) 

fo) to) 

Nordhausen sulphuric r SOaHo 
acid. {DihyMcdi'lo ^ . fnWoWs WoMsMoMh) 
sulphate.) [SO^Ho ^^^ 

Hyposulphurous acid. | ss"OHo,. fHWoWswoWHi 
(Sulpho8ulj9hvric acid,) J 

ro) 

[0) Co] 

[0) (0] 

TritMonicacid. .(S'^JI-P'^'chXoM-WsM.WoWhI 
pJiodithionicacid.),., [ sOHo 

[0) (01 
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Tetrathionic 
acid. {Di- 
sul^hodHhir \ ^" 
onicacid.)... tSO,Ho 



rso,Ho 



Pentathionic 
acid. (IW- 
sulphodi- < 
thionic 
acid,) ..... 



SO,Ho 

S" 

S" . 

SO,Ho 




SULFHUBOXTS ANHTDRIDE. 
SO,. 

Molecular weiglit =64. Molecular volume QH- 1 1^^^^ weighs 
82 criths. Solid at ■— 76°. Idquid under the pressure of two 
atmospheres at 7° C. 

Occurrence, — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 

Preparation, — 1. By the combustion of sulphur in air or in 

oxygen: — 

S + O, = SO,. 

2. By heating sulphuric acid with copper or mercury : — 
2SO,Ho, + Cu = SO, + SO,Cuo" + 20H,. 

Sulphuric add. Snlphnrocui Cuprio sulphate. Water, 

anhydride. 

2SO,Ho, + Hg = SO, + SO,Hgo" + 20H,. 

Snlphnrio aoid. SidphiiroiiB Meronrio sulphate. Water, 

anhydride. 

3. By heating charcoal with sulphuric acid : — 
2SO,Ho, + C = 2S0, + CO, + 20H,. 

Solphiirio acid. Snlphnrons Carbonic Water, 

anhydride. anhydride. 

£2 
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4. By heating a mixture of about three parts by weight of 
sulphur (two atoms) with four of manganic oxide (one atom) ; — 

S, + MnO, = SO, + MnS". 

If aofsuiio oxide. Sa^oroaa anhydride. Mamganons sulphide^ 

Beactions* — 1. Dissolved by water, producing an acid liquid 
which, when cooled to 0°, deposits white cubical crystals of 
sulphurous acid : — 

SO, + OH, = SOHo,. 

Solphnroua anhydride. Water. Bnlphnroos aicid. . 

2. Sulphurous anhydride, when passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous anhy- 
dride be in excess, an acid sulphite is obtaiaed : — 

OKH + SO, = SOHoKo. 

Potasaio hydrate. Sulphurous anhydride. Hydrio potassio sulphite. 

3. If the metallic hydrate be in excess, the normal sulphite is 
formed, thus : — 

20KH + SO, = SOKo, + OH,. 

Potassio hydrate. Sulphurous anhydride. Normal potassio Water. 

sulpnite. 

4. Sulphurous acid, when acted upon by metallic hydrates, 
pioduces the same salts : — 

OKH + SOHo, = SOHoKo + OH,: 
20KH + SOHo, = SOKo, + 20H,. 

5. Sulphurous anhydride, when passed over metallic peroxides, 
produces sulphates: — 

PbO, + SO, = SO,Pbo". 

P^rpinmbio oxide. Sulphurous anhydride. Plumbic sulphate. 

Detection. — Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid : — 



SOKo, 


+ SO,Ho, = 


= SO,Ko, 


Potaesio 
sulphite. 


Sulphuric 


Potassio 
sulphate. 



+ so, + OH,, 

Lphurous 
hydride. 



Sulphurous Water, 

anhyr 



SULPHURIC ANHYDRIDE. 11 

When solutions of sulphites are mixed with solutions of 
argentic nitrate, a white precipitate of argentic sulphite is 
formed : — 

SOKo, + 2NO,Ago = SOAgo, + 2NO,Ko. 

Potaasic Argentic Argentic Potassio 

solphite. nitrate. BOlphite. nitrate. 

When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metallic silver : — 

SOAgo, + OH, = SO,Ho, + Ag,. 

Argentic sulphite. Wateir. Bnlphorio add. 



SULPHUBIC AKHTDBIDE. 
SO3. 
Molecular weight ^ SO. Molecular volume II I . 1 litre of 
sulphuric a/nhydride vapour weighs 40 criths. Fuses at 
24°-6. Boils at 52'' 6. 
Preparation. — 1. By passing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinum : — 

SO, + O = SO3. 

flulphuroae anhydride. Sulphuric uihydiide. 

2. Bj heating Nordhausen sulphuric acid : — 

\0 =• SO,Ho, + SO,. 

lSO,Ho 

I^ordhansen Sulphuric add. Snlphnrio 

Bolphnric add. anhjdride. 

8. By heating the so-called anhydrous sodic bisulphate 
(disodic disulphate) : — 

fSOJfao 

■^0 =. SO,Nao, + SO,. 

lSO,Nao 

Anhrdrons sodic bisulphate Sodic sulphate. Snlphnrio 

(Disodic disulphate). anhydride. 
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4« By heating sulpHuric acid mtH phosplioric anhydride: 
SO,Ho, + PA = SO3 + 2PO,Ho. 

Solphurio Phoq>horio Bnlphurio 'Meta-phosphwic 

add. anhydride. anhydride. add. 



SULFHUBIC ACID. 
SO,Ho,. 
Molecular weight 3= 98. Molecular twlume pH. Dissociation, 
1 litre of sulphuric acid vapottr toeighs 24*5 criths, Sp. 
gr. 1-86. Boils at 825^ 

Preparation. — 1. By the action of hydpoxyl upon sulphurous 
anhydride : — 

SO, + Ho, = SO,Ho,. 

Stdpharoni anhydride. Hydrozyl. Solphurio add. 

2. By the exposure of sulphurous acid or metallic sulphites to 
air or oiygen : — 

SOHo, + O = SOj^Ho,. 

Sulphur oni add. Sulphuric add. 

SONao, + = SO;!fao,. 

Sodic sulphite. Sodio sulphate. 

3. By the addition of water to sulphuric anhydride : — 

SO, + OH, = SO,Ho,. 

Sulphuric Water. Sulphuric add. 

anhydride. 

4. By the action of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 
crystalline compound thus produced (Briining and De la 
Provostaye) : — 

2S0, + W'A + 0=^0 

[S0,(N'0^ 

Sulphurous Nitric White erystalline 

anhydride peroxide. ooo^[)on]td. 
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fSO,(N'0,) 

-^0 + 20H, = 2SO,Ho, + N,0,. 

White crystalline Water. Sulphiirio Nitrous 

• oompoond*. add. anhydride. 

In the manufacture of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric oxide : — 



3N,0. + 

Nitrons 
anhydride. 



OH, = 2NO,Ho + 2'N",0,. 

Water. Nitric acid. Nitric oxide. 



The nitric oxide by the action of oxygen reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydride : — 



SO, + 

Snlphnrona 
anhydride. 



2NO,Ho 

Nitric add. 



= SO,Ho, 

Sulphuric 
add. 



Nitric 



The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 



SO,(NH,0). 

Ammonic sulphate. 



+ N,0, = SO,Ho, + 



Nitrous 
anhydride. 



Splphnric 
add. 



80H, + 

Wnta. 



N,. 



Character. — Sulphuric acid forms several classes of salts : — 



ydric potafisic sul- 1 gQ^KoHo. 
phate J * 
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(o) 

Potassic sulphate . . . SOaKo,. (i)-®-^ s w o >-{ k ) 

[&) 

Anhydrous sodic bi- rsO Nao 

sulphate. (i)wo(^ ^ O ^ . (n-WoWsWoMrMo) 
disulphaee,) [SO,Nao ^^^ ^^^ 

Zineic sulphate SO^Zno". © r^/\) 

Tetrabasic zineic sul- 1 (o) \r (o) 

phate. (Dizincic \sOZno\, o/^W^\(;^ 
mlphate.) J XE) XE) 

Hexabasic zineic sul- 1 vS/\ /\2J 

phate. . (j2Wmk?tc I SZno",. _/^oV^5voV 

sulphate,) J |^/\ ^1 

A © 

Crystallized gyp-^ /©\A/®^ 

BUm. {Tetrahydric I SHo^Cao"* © ^^ ,® 
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Gypsum dried at ^ 

100°. {Bihydric I SOHo.Cao". 
calcic sulphate,) ... J 



Gypsum dried at | 
260°. {Calcic 8ul' \ SO.Cao". 
phate,) 




HTPOSULPHUBOtTS ACID, SulpUsulphwric Acid. 
SS"OHOj^ (hypothetical). 



PreparaHon of Hyposulphites (Sulphosulphates), — 1. By boil- 
ing a solution of sodic sulphite with sulphur : — 



SONao, + S 

Bodio sulphite. 



S8"ONao,. 



Sodic h^ 
(Sodic flfolpl 



thite 
fphate). 



2. By exposure of an alkaline persulphide to the air : — 



'S'.Ca" + 0, 



Calcic 
persulphide. 



S8"OCao". 

Calcic 
hyposulphite. 



BeacHon. — ^The hyposulphites, when acted upon by acids, 
evolve sulphurous anhydride, whilst sulphur is precipitated : — 



SS"ONao, + 2HC1 = 

Sodic hyposulphite Hydrochloric 
(Sodic sulpho- add. 

sulphate). 



2NaCl + OH, + S + SO,. 

Sodic Water. Sulphurous 

chloride. anuydride. 

b5 
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DITHIONIC ACID, Rt^osulphunc Acid. 
'S%0,Ho,. 

Preparation, — ^Powdered manganic oxide is suspended in 
water and a current of sulphurous anhydride passed through 
the liquid, when the manganic oxide graduaUy dissolves. The 
solution contains manganous dithionate or hyposulphate : — 
BfnO, -h 2S0, = 'S%0,Mno". 

Mftnguiio Snlphnroiis Manganoiu 

ax^. anhydride. dithionate. 

This solution is next treated with baric sulphide, which pre- 
cipitates manganous sulphide, baric dithionate existing in the 
solution : — 

'S%0,Mno" + BaS" = BfnS" + 'S%0,Bao". 

Manganous dithionate. Bario sulphide. Manganous sulphide. Baric dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 
nate, baric sulphate is precipitated and dithionic acid remains 
in solution : — 
'S%0,Bao" -h SO,Ho, = SO.Bao" -h 'S%0,Ho,. 

Baric Sulphuric Baric sulphate. Dithionio add. 

dithionate. acid. 



TBITHIONIC ACID, Sulphodithionic Acid, 
Sulphwetted JEfypomJphtme Acid, 

SO,Ho 
SOjHo 

Preparation, — By digesting hydric potassic sulphite with 
sulphur, potassic trithionate and potassic hyposulphite (sul' 
phosulphate) are formed : — 

rso,Ko 

6SOK0H0 -h 2S = 2 ^ S" -h SS"OKo, + 30H,. 

[S0,K0 

Hydric potassic Potassic Potassic Water, 

sulphite. trithionate. Hyposulphite. 
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The two salts so produced, when decomposed bj hydrofluo- 
silicic acid.yield trithionic acid, sulphuroas acid, aad sulphur: — 

fSO^Ko 
SS"OKo, + 2-^8" + 8H,Si"'F, = 8K,Si«''F, 

lSO,Ko 

FotaBsio Fotasno Hydroflaooilioio Potaaaio 

hypoeolphite. trithionate. add. silioofluoride. 

fSO,Ho 
+ 2-^8" + SOHo, + 8. 

[S0,H0 

TrtthionioMid. «°'^«~» 



TETRATHIOKIC ACID, DisulphoditMonie Acid, 
Sisulphttretted HyposulpTmrie Acid. 

rso,Ho 

8" 

S" • 
tSO,Ho 

Preparation. — ^When iodine is added to baric hyposulphite 
(tulphosulphafe), baric iodide and baric tetrathionate are pro- 
duced: — 



SO, 



2SS"OBao" + I. = Bal, 



Baric hyposulphite. 



Baric iodidci 



H" i on Bao". 

so J 

Baric tetrathionate* 



This salt, when decomposed by sulphuric acid, yields tetra- 
thionic acid. 



FENTATHIONIC ACID, TruulpJiodithionic Acid, 
Uristdphuretted Hyposulphwric Acid. 
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Preparation, — ^Thia add is obtamed by the action of hydro- 
sulphuric acid on sulphurous anhydride : — 

rSOaHo 
S" 
6SH, + 5S0, = < S" + 40H, + S*. 

IS" 
lSO,Ho 

'S^^ 'iSS Pentattuonio add. Water. 



SELENIUM, Se^. 

Atomic weight =79. Molecular weight =168. Molecular vo- 
lume rn . 1 litre of selenium vapour weighs 79 criths. 
8p.gr. 4i'3, Fuses a little above 100°, Boils at about 10(f. 
Atomicity ", *^, and ^, JEvidence of atomicity : — 

Hydroselenic acid Se"Hj. 

Selenious chloride Se^^Cl^. 

Selenicacid Se^OjHoj. 

Occurrence* — In small quantities in some mineral sulphides. 



GOMPOUKDS OF SELENIUM WITM HTDEOGEN. 

SELENIUBETTED HTDKOaEN, Hydroselenic Acid. 
SeH,. 
Molecular weight =81. Molecular volume rV\ , 1 litre weighs 
40*6 criths. 

Preparation. — By the action of hydrochloric acid upon fer- 
rous selenide : — 

PeSe" + 2HC1 = SeH, + PeCl^ 

Perrons selenide. Hydrochlorio Hydroeelenio Ferrous chloride, 
add. add. 

Character. — ^Like hydrosulphuric acid, it produces precipi- 
tates in solutions of most of the heavy metals. 

There are two chlorides of selenium : 'Se'jjCL, and SeCl^. 
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COMFOUNDS OF SELENIUM WITH OXYGEN 
AND RYDBOXTL. 

Selenious anhydride SeOa. 

Selenious acid SeOHoj. 

Selenicacid SeO,Hoa. 

These bodies closely resemble the corresponding sulphur 
compounds. 

Selenious anhydride is formed by burning selenium in oxy- 
gen:— 

Se, + 20a = 2SeOa. 

Selenious 
aahjdride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Fotassic seleniate is prepared by fusing selenium or metallic 
selenides with nitre. The acid is obtained by transforming the 
potassic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosidphuric acid. 



lELLUBIUM, Te,. 

Atomic weight ^12^, Probable molecular weight ss256, 8p. 
gr. 6-2. Fuses at ^QO^'-SOO^ Atomicity ", *% and ^. Evi- 
dence of atomicity : — 

Hydrotelluric acid Te^Hj. 

Tellurous chloride Te*^Cl^. 

Telluric acid Te^O^HOa. 

This element is of even less importance than selenium, which 
it closely resembles. 



6 BROMINE. 

The following compounds are known : — 

Hydroteiluric acid {tetturetted hydrogen) TeHj,. 

Hypotellurous chloride TeCl,. 

Tellurous chloride TeCl^. 

Tellurous anhydride TeO^. 

Telluric anhydride TeOj. 

Tellurous acid TeOHo^? 

Telluric acid TeO^o,. 



CHAPTER XIV. 



MONAD ELEMENTS. 

Section II. {continued from Chap. VIII.). 

BBOMINE, Bfj. 

Atomic weigM a80. Molecular weight slGO. Molecular Wh 
lume \ 1 I . 1 litre of bromine valour weighs 80 critht. 
^.gr. 3'IS, Fuses at ---20^. Boils at 6^"". Atomicity \ 
Evidence qf atomicity : — 

Hydrobromic acid HBr. 

Potassic bromide KBr. 

Argentic bromide AgBr. 

Occurrence. — ^In small quantities in some saline mineral 
waters. In sea-water, and the waters of the Dead Sea. 

Preparation, — 1. By the treatment, with chlorine, of the 
mother-liquors of saline waters containing bromides, and ex- 
tracting the liberated bromine by ether : — 

2KBr + CI, = 2KC1 -f Br,. 

Fotaasio bromide. Potasmc chloride. 
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2. By heating together sulphxtric acid, sodic bromide, and 
manganic oxide : — 

2NaBr + MnO,. + 2SO2HQ2 = Br, 

Sodio bromide. Hangaaio oxide. Snlphnrio acid. 

+ SO^JSTao, + SO^Mno" + 20H,. 

Bodic ralphate. Manganoos sulphate. Water. 

Character, — Bromine unites with several metals directly, and 
with great energy. Antimony and arsenic bum in it with bril 
liancy. 

At 0° bromine combines with water, forming a crystalline 
compound, Brj^ lOOHj,. 

H7DB0BB0HIC ACID. 
. HBr. 
Molecular weight =81. Molecular volume rTI . 1 litre of 
hydrohromic acid weighs 40*5 criths. Fuses at —^3^. Boils 
a^-69°. 
Preparation, — 1. By passing a mixture of hydrogen and 
bromine vapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine vapour and air : — 
H, + Br, = 2HBr. 

Hydrobromio 
acid. 

2. By heating potassic bromide with phosphoric acid : — 

8KBr + POH03 = POK03 + 3HBr. 

Potaasio Phoepliorio Potassio Hydrobromio 

bromide. add. phosphate. add. 

Sidphuric acid cannot be employed for this operation, as a 
portion of the hydrohromic acid is then decomposed, bromine 
being liberated : — 

SO,Ho, + 2HBr = Br, + 20H, + SO,. 

Solphorio acid. Hydrolnromic Water. SulphiiroaB 

add. anhydride. 

3. By the action of water upon phosphorous tribromide : — 
F"Br, + 30H:, = P^OHHo, + 3HBr. 

Phosphorona Water. Phosphorous Hydrobromio 

tribromide. acid. add. 
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4. By gradually dropping bromine into water containing 
amorphous phosphorus : — 

P, + 8Br, + eOH, == 2P^OHHo, + 6HBr. 

Water. Fhoephoroizs Hydrobromio 

add. add. 

5. By passing sulphuretted hydrogen through water con- 
taining bromine : — 

2SH, + 2Br, = 4HBr + S,. 

Bnlphuretted Hydrobromio 

hydrogen. acid. 

Beactians. — 1. Decomposed by chlorine with liberation of 
bromine : — 

2HBr + CI, = 2HC1 + Br,. 

Hydrobromio Hydroohlorio 

add. add. 

2. By the action of atmospheric oxygen a small quantity of 
bromine is liberated, but the decomposition is soon arrested : — 

4HBr + O, = 20H, + 2Br,. 

Hydrobromio Water. Bromine, 

add. 

3. In contact with metallic oxides, hydrates, and salts, bro- 
mides are formed. 



COMPOUNDS OF BBOMINJE WITH OXYGEN 
AND RTDBOXTL. 

Hypobromous anhydride OBr,. 

Hypobromous acid OBrH. 

rOBr 
Bromicacid \0 . 

[oh 

The graphic formulsB of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 45. 
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HTPOBBOMOUS ANHTDBIDE. 

OBr,. 

PreparaHon, — ^By passing bromine yapour over dry mercuric 
oxide : — 

HgO + 2Br, = HgBr, + OBp,. 

Meroario Mercforio Hypobromous 

oxide. bromide. anhydride. 



HTPOBBOMOUS ACID. 

OBrH. 

Preparation. — 1. By passing hypobromous anhydride into 
water : — 

OBr^ + OBL, « 20BpH. 

HTpobromons Water. Hypobromoos 

anhydride add. 

2. By agitating mercuric oxide with bromine- water : — 

fHgBr 
2HgO + OH, + 2Bp, = 20BrH + 

iHgBr 

Memmric Water. Hypobromoos Mercario 

oxide. acid. ozybromide. 



BBOHIC ACID. 

fOBr 
tOHo- 

Preparation. — ^By acting upon a solution of baric bromate 
'with sulphuric acid : — 

'OBr 

Bao" + SO,Ho, = ^{^o + SO,Bao". 
OBr 

Banc bromate. Snlphnric Bromio Bario 

acid. acid. • sulphate. 



(Hi tODtNE. 

Beactwn^ — By boiling, bromic acid decomposes into water, 
bromine, and oxygen i — 

*(oHo = 2Br. + 20H, + 60,. 

Smmio acid. W&ter. 

^epimition of bromatei.^-1^ By adding bromine to a solu- 
tion of a metallic hydrate, and separating the bromateby ciys- 
taHizationr — 

6KII0 + 3Br, = SKBr + |g|^^ + 30H,, 

hjdr&te, bnuuide. bronmte, 

2, By the action of potassic hydrate on bromine pentaehlo- 
ride: — 

6KH0 + BrCl. = 6KC1 +{§1"^ + aOH,, 

PotiiAiitT Bromine Potuiio "pQtaBsic Wt-tct. 

hjdiato. pcDtHiilotide. ohlDride. bromate. 

Character ofhromates, — ^Some of the bromates when heated 
loae oxygen, being transfonned into bromides: — 

2{o£ = 2KBr + 30, 

Potafido PotiMtf] 

bpomate. bromide. 

Others evolve bromine and a portion of their oxygen," leaving 
metallic osddeB \ — 



= SMgO + 2Br, + 50,. 







lODIFE, I,. 
Aiomic wd^M =127. Molecular weight =354. Moheular 
volume CD- 1 i^^^^ of iodine papour weighs 127 crUh^^ 
Sp, gr, 4^95, Fuse^ at 107^ Boih at 180°. Atomicity \ 
Evidence of atomicity : — 
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Hydriodic acid HI. 

Fotasaic iodide KI. 

Argentic iodide Agl. 

Occurrence, — ^In mineral springs, in sea-water, and in oon- 
sideral^ quantities in sea-plants. 

HanufiMcture, — Sea-weeds are burnt and the ash is ex- 
tracted with water. The liquid is evaporated, and, after a con* 
siderable quantity of sodic carbonate and chloride has crys- 
tallized out, the mother^liquor, which contains potassic iodide, 
is distilled with sulphuric acid and manganic oxide : — 



2KI+l«nO,+2SO,Ho,=SO,Ko,+SO,Mno''.H,.|-20H,. 

Potassio Maonmio Snlphimo Potasno Mansaiioiis Wster. 

iodide. axSae. add. sulphate. snlpnate. 



Beaetiofif, — 1. Iodine is precipitated from its solutions by 
chlorine and bromine : — 

2KI + CI, = 2KC1 + I,. 

Potanio Potaasio 

iodide. chloride. 

2KI + Br, « 2KBr + I,. 

Potaasio Fotaasio 

iodide. bromide. 



2. Iodine unites directly with many metals. 



HTDRIODIC ACID. 

HI. 

Molecular weight bs128. Molecular volume \ \ \ . 1 litre qf 
hifdriodic acid weiglie 64 criths. Fuses at —55°. 

Preparation, — 1. By passing iodine vapour and hydrogen 
througha red-hot tube or over spongy platinum gently heated: — 

H, + I, « 2HL 
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2. By the action of dilute sulphuric acid on baric iodide, or 
of phosphoric acid on any ipdide : — 

Bal, + SO.Ho, = 2HI + SO.Bao". 

Baric Snlphurio Hydriodio Baric 

iodide. aoid. add. aolphate. 

8. By decomposing phosphorous triiodide by water :— 
PI, + 80H, = POHHo, + 3HI. 

PhoaphoroQs Water. Phoephoroas Hydriodic 

triiodide. add. add. 

4. By heating together water, potassic iodide, iodine, and 
phosphoroB : — 

4KI + Pa + 6la + 80H, =» 14HI + 2POHoKo, 

Potassio Water. Hydriodio Hydrio dipotaedo 

iodide. add. phosphate. 

5. A solution of hydriodic acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is suspended: — 

2SH, + 21, = 4HI + S,. 

Sulphuretted Hydriodio 

hydrogen. add. 

BeacHons, — 1. Decomposed by chlorine and bromine, with 
liberation of iodine : — 

2HI + CI, c= 2HC1 + I,, 

Hydriodic Hydrochloric 

add. add. 

2HI + Br, = 2HBr + !». 

Hydriodic Hydrobromic 

add. add. 

2. It is gradually but completely decomposed by atmospheric 
oxygen; the iodine, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals : — 
4HI + 0, ^ 20H, + 21,. 

Hydriodio Water, 

add. 

8. With metallic oxides, hydrated, and some salts it forms 
iodides. Even argentic chloride is transformed by hydriodic 
acid into argentic iodide : — 

AgCl + HI = Agl + HCL 

Areentic Hydriodic Argentic Hydrochloric 

chloride. add. i<Mide. add. 
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4. Hydriodic acid is rapidly decomposed by mercury, with 
liberation of hydrogen : — 



2HI + 2Hg 



'Hg'A + H, 



Hydriodic 
acid. 



Mercoroos 
iodide. 



COMPOUNDS OF IODINE WITH OXTGEN AND 
HTDBOXTL. 

OI 

o 

Iodic anhydride -^ . 

01 



Iodic acid 



Periodic anhydride. 



■< 



fOI 
lOHo- 

roi 



. 






OI 

Periodic acid \0 

\ORo 

The graphic formulsB of these compounds are analogous to 
those of the corresponding chlorine compounds given at p. 45. 



IODIC AITHTDSIDE. 



lA. or 



18- 
Loi 



M lOBtC ACID. 

Preparatum* — By heatmg iodic acid to l^OPj when it sepa- 

rates into iodic anhydride and water : — 

ror 

lodie idd. Iodic uibjritatde. 

Seaction, — 'When atronglj heated, it deoompOBeBUito iodine 
&nd oxjgen. 



IODIC ACID. 

Freparation, — 1. By the action of BtJpliiuic acid upon baric 
iodate ; — 
01 

Bao" + SO,Ho, = ajg^^ + SO,Bao". 

Biriti iodate, Biilphnrio Iodic add. B&m anlphMfi' 

2* By oxidising iodine with strong boOing nitric acid : — 
6NO.H0 + I. = 2 {g^^, + 2OH. + 2N.0. + W-.O,. 

mtEicKid. Iodic Hid. Water. Kitnnu Fitric 

Aniifdjidf]. peroxide. 

8. By acting upon iodine and water with chlorine r — 
I, + 60H, + 5C1, = 2{g^^ + lOHCl. 

WAter. lodio add. H^dncblorie 

add. 

Eeaeiwm^—l. In contact with hydriodic add it forms water 
and iodine ; — 

(oHc + 5HI = 30H, + 31.. 



\OHo 



Iodic add. H jdriodic Water. 

add 
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95 



2. It is reduced by many other deoxidizing agents. 

Fr^airation oflodates. — 1. By treating solutions of metallie 
hydrates with iodine, and separating the iodate by crystalliza- 
tion: — 

6KHo + 81, = SKI + {g^^ 

Potaasio PoImbo Potaado 

hydrate. iodide. iodate. 

2. By dissolving iodine in potassic hydrate and treating the 
mixture with chlorine : — 

12KHo + la + 5C1, « lOKCl + 2 {§|-^ + 60H,. 



80H,. 

Water. 



Potaaric 
hydrate. 



Potaaaio 
diloride. 



Potaaaio 
iodate. 



Water. 



8. By heating together potassic chlorate and iodine : 

fOCl 
tOKo 



la + 



Potaaaio 
chlorate. 



- K" + {§L- 



Iodine 
monodiloride. 



Potaaaio 
iodate. 



Character ofiodates. — Some of the iodates when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
oxygen. 

Iodic add gives several well-defined anhydro-salts. 



PERIODIC ANHTDHTDE. 


roi 












I,0„ or ^ . 














Loi 




fOI 


20 « 1,0, + OH,. 


OHo 


Periodic Periodic Water. 


•oid. uhydr 


ide. 
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SeacHon. — ^When heated it is decomposed into oxygen and 
iodic anhydride, and ultimately into iodine and or^gen. 



PEBIODIC ACID. 

fOI 

lOHo 

Preparation. — ^By decomposing plumbic periodate with sul- 
phuric acid : — 

OI 

o 

o roi 

Pbo" + SO,Ho, = 2-^0 + SO,Pbo". 

lOHo 

O 

OI 

Plnmbio Sizlphnrio Periodio Flnmbio 

periodate. add. add. sulphate. 

Freparatian ofFeriodates, — Sodic periodate may be prepared 
by passing chlorine through mixed solutions of sodic hydrate 
and sodic iodate ; — 

{oLo + 2NaHo + CI, « jo + OH, + 2NaCl. 

Sodio Sodio Sodio Water. Sodie 

iodate. hydrate. periodate. chloride. 



PLTTOEINE, F,. 
Atomic uoeiffht =19. Molecular weight =i38 (?). Molecular 
volume rn « 1 ^i^c weighs 19 criths (?). Atomicity '. 
Mndence of atomicity/ : — 

Hydrofluoric acid HP. 

Occurrence, — In combination with metals in fluorspar, cryo- 
lite, apatite, and other minerals. 
Little is known of fluorine in the uncombined condition. 
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GOMFOTTND OF FLUOEINJE WITH HYDBOGFN. 

HTDBOFLUORIC ACID. 
HF. 
Molecular weight =20. Molecul^xr volume fTI ' 1 H^^ weighs 
10 criths. 
Preparation, — ^By heating calcic fluoride with sulphuric acid 
in a leaden or platinum vessel : — 

CaP, + SO,Ho, = 2HP = SO.Cao". 

Caldo Snlphuric Hydrofluorio Calcio 

fluoride. add. ac!d. sulphate. 



CHAPTER XV. 



TETEAD ELEMENTS. 

Section I. (Continued from Chapter XI.) 
SILICON, Silicium, Si. 
Atomie weight =2S'5. 8p,gr. (graphitoidaT) =2*49. Atomicity^''. 
Evidence of atomicity : — 

Silicic chloride SiCl^. 

Silicic fluoride SiF^. 

Occurrence, — Silicon is one of the most widely diffused ele- 
ments. It is found, in combination ^ith oxygen and metals, in 
a very large number of minerals. 

a. Amorphous Silicon, 

Preparation, — 1. By heating potassic silicofluoride with 
potassium : — 

SiK^F, + 2K, = Si + 6KF. 

Fotassio Fotassio 

gilioofluoride fluoride. 
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2. By heating sodium in a current of the vapour of silicic 
chloride : — 

SiCl, -f 2Na^ = Si + 4NaCl. 

Silicic Sodi 

chloride. . chloride. 

Reactions, — 1. Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosilicic acid : — 

Si + 6Hr = SiH^Fe + 2H,. 

Hydroflaoric . Hydrofluosilicic 
acid. acid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo, -f 2H,. 

Potassic Potassic 

hydrate. silicate. 

3. Heated in the air, it bums, producing silicic anhydride. 
/3. Ghraphitoidal Silicon. 

Freparation, — By fusing amorphous silicon with alumi- 
nium, and boiling the compound in hydrochloric or hydrofluoric 
acid, which dissolves the aluminium, leaving the silicon in the 
form of hexagonal plates with a metallic lustre. 

Character. — May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydro- 
fluoric acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon. 

Frejparcttion.-^By heating aluminium very strongly in a 
current of the vapour of silicic chloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon be- 
hind: — 

3SiCl, + 2A1, = 2'Al^';Cle + Si,. 

Silicic Aluminic 

chloride. chloride. 
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SILICIC HTDBIDE. 
SiH,. 

Molecular weight =32*6. 

Has not been obtained free from hydrogen. 

Freparation, — 1. By decomposing dilute sulphuric acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid : — 

SiMg", H- 4HC1 = 2»IsCl, -f SiH,. 

Ma^eaio Hydroohloric Magnesio Bilioio 

Bihoide. add. chloride. hydride. 

Reaction, — Inflames spontaneously in air, producing water 
and silicic anhydride : — 

SiH, + 20, = SiO, -h 20H,. 

Silicic Silicic Water, 

hydride. anhydride. 



SniaC CHLOBIDE. 

SiCl,. 
Molecular weight =170*5. Molecular volume QD- ^ ^^^^ 
weighs 85*25 criths. Sp. gr, of liquid 1*52. Boih at 59°. 

Preparation. — 1. By burning silicon in chlorine. 
2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine : — 

SiO, + 2C + 2C1, = SiCl, + 2C0. 

Silido Silicic Carbonic 

anhydride. chloride. oxide. 

Beaction. — By contact with water it produces silicic and hy- 
drochloric acids : — 



SiCl, + 40H, = SiHo, + 4HC1. 

Irochlo 
acid. 

r2 



Silido Water. Silido Hydrochloric 

Chloride. add. add. 



100 COMPOUNDS OF SILICON. 

SILICIC BBOMIDE. 

SiBr,. 

Molecular weiglt =348*5. 8p. gr, 2-813 at 0°. BoiU at 153°. 

Preparation. — By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 

faction, — ^Decomposed by water in the same maimer as the 
chloride. 



SILICIC FLUORIDE. 

SiF,. 
Molecular weight =104*6. Molecular volume fTI - 1 litre 
weighs 52*25 criths, Fuses at — 140°C. Condensable gas. 

Preparation. — By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

Sio, + 2CaF, -h 2SO,Ho, = SiP, 

Silicio Calcic Sulphuric Silicic 

anhydride. fluoride. add. fluoride. 

+ 2SOHo,Cao". 

Dihjdrie calcic sulphate. 

Beaction, — By contact with water it produces silicic and 
hydrofluosilicic acids : — 

+ 2SiH,F,. 

HjdroOiiDSLlicio 
acid- 

By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silieofluDridea, Home of which, aa the potaaak 
and bai'ic compounds j are inaoluble in water \ — 

SiH,?, + 2KIIo = SiK^F, + 20H,, 

Hydrofliiosili^xc PottuBic PataBsl 5 WBt&r+ 

*dd» brd^ate. silioDlluDridf. 



3SiF, 


+ 


40H, = 


= SiHo« 


Silfcic 
flcorido- 




Wster. 


Bilicic 
add. 
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COMPOUNDS OF SILICON WITH OXTGEN AND 
HTDBOXYL. 

Silicic anhydride SiO^. 

SiKcicacid SiHo^ and SiOHo^. 

Cliryson SigHgO,. 

Leukon SiaH^O^. 



SILICIC ANHYDRIDE. 

SiO,. 

Molecular weight =60*5. Sj>. gr, 2*69. 

Occurrence, — In the pure state in many minerals, as quartz, 
agate, <&c. 

Freparation. — ^By heating silicic acid to 100°. 

SILICIC ACID. 

Tetrabasic... SiHo,. Dibasic... SiOHo,. 

Freparation, — 1. By treating a solution of a soluble silicate 
with hydrochloric acid : — 

SiNao, + 4HC1 = SiHo, -f 4NaCl. 

Sodio Hydrochloric Silicic Sodlo 

silicate. add. acid. chloride. 

2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao, -f 40H, + 4C0, = SiHo, + 4COHoNao. 

Sodic Water. Garhonic Silicic Hydrio sodio 

silicate. anhydride. acid. carbonate. 

A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 100.) 

4. The dibasic silicic acid is said to be produced by the eva- 
poration in vaotio at 16° of a solution of the tetrabasic acid in 
water. 
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SlllCATES. 



The acid prepared by the first three of the above processes 
has probably the formula SiHo^ ; by drying in the air a com- 
pound remains containing 

Si^O,, ^ SieO^Ho^. 

This last acid, heated to 100^, loses more water, being trans- 
formed into 



SieH,0,, 



SieO,,Ho,. 



6, By the action of water on tetrethylic silicate, a compound 
is produced containing 

Si,HA. = SiAHo,. 



SILICATES. 

The soluble alkaline silicates may be. prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural silicates, with alkaJine hydrates or carbonates. 

The silicates fonn a very important class of minerals. The 
following list contains a few examples : — 



Sand. ^ 






Flint. 






Eock crystal. 
Quartz. 


>- Silicic anhydHde 


. SiO,. 


Opal. 

Chalcedony. ^ 
Peridote. 
Phenacite. 


ZHma^nesic silicate 

Diglticinic silicate 


SiMgo", 

siaio'v 


Willemite. 


Dizincic silicate 


SiZno'V 


Zircon. 


Dizirconic silicate 


SiZro'V 


Enstatite. 


Monomagnesic silicate . . 


. SiOMgo" 



vn^iAjii^xix 




^ J?**r*,^ 



SILICATES. 
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Diopside. Calcic magnesic disilicate. 1 ^*^Cao"Mffo"- 
Seefiff. 1 J SiO ^ 



I fig. 

Talc. Tetramagnesicpentasilicate. See 1 SiO Meo" 
fig.2 ....J 

Okenite, 
See fig 



Tefrahy&ric calcic disilicate. I q ^nTo" 
?3 • [SiHo,-- i 

Serpentine. JHhydHc trimagnesic disi- \ ^^^n ° 
licate. See fig. 4 jsiHoMgo"' 

Steatite. Trimagnesic tetradlicate. 1 g| q Mffo" 
See fig. 5 J * 

fSiHoMgo" 
Meerschaum. Tetrahydric dimagnesicj g.-rr 

trisilicate. See fig. 6 \0 ^ 

I^SiHoMgo" 

SiOHo— , 
Pjrropliyllite. Dihydric alvminic tetra- SiO i. ^ 

silicate, Seefig. 7 SiO j ^^ ' 

SiOHo— I 

Anorthite. Alvminic calcic disilicate, 1 g. /r ai'" o V^C ' 



See fig. 8. 



SiO , 



Labradorite. Aluminic calcic trisilicate, SiCao"-ALo^ 

Seefig. 9 SiO » 

Qrossularia. Alvminic tricaldc trisili' «i!xl^^„~Ti, ^ 

^ Q fi iA SiCao"-ALo^. 

cate. See fig. 10. SiCao" J 

Emerald. Triglucinic aluminic hexa- \ oa rk a i ..yim " 

silicate. See fig. 11 ...I ^*»^«'"'" ^^° ^ 

Chloropal. Ferric trisilicate. See J gsoZrl viqoH 

%12 [siO— '^'^ ' 

Felspar. Ortliose. Dipdtassic ahimi- 1 «• o K" Al '* 
nic hexasiUcate, Seefig. 13.../ ^ ® ^ * 
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SHJaC SULPHIDE. 

SiS",. 

FreparaHon, — By passing the vapour of carbonic disnlphide 
over silicic anhydride heated to redness : — 

SiO, -h CS", = SiS", + CO,. 

Silioio Carbonic Silido Oarbonio 

anhydride. disnlphide. sulphide. anhydride. 

Reaction. — By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid : — 

SiS, + 40H, = SiHo, -f 2SH,. 

Silicic Water. Silicic Sulphuretted 

sulphide. acid. hydrogen. 



TIN, Sn. 

Atomic weight =118. Molecular weight unknovm. Sp, gr. 
7*28. Fuses at 228°. Atomicity " and *% also pseiido-triatomic. 

The following are the names and formulaa of the principal 
compounds of this metal : — 

Stannous chloride SnCl,. 

Stannic chloride SnCl^. 

Stannous oxide SnO. 

Stannic oxide or anhydride. SnO,. 

rsnci 

Distannous oxydichloride.. < . (s)~©~(s)~©~(2) 
Stannous hydrate SnHo,. (^}-(2}-@-(^}-@ 



[o 




- - Stannic acid SnOHo,. 

y , . ^ V (H V-T O )— (8ii)-( O )— ( H ^ 

Dipotassic stannite SnKo,. 

Dipotassic stannate SnOKo,, 40IL^. 



Distannic trioxido 
or 



COMPOUNDS OF TIN. 

fSnO^ 



105 



^. 



Stannous stannate SnOSno". (oV:© @ 



Metastannic acid (dried at 
100°) ' 



Dipotassic metastannate. . . ^ 



rSnHo3 
O 

SnHo, 
O 

SnO . 


SnHo, 

SnHog 

SnHo,Ko 

O 

SnHo, 

O 

SnO 



SnHo^ 

O 

SnHo^Ko 



Stannous sulphide SnS". 

Stannic sulphide SiiS",,. 



or 










stannous sulphbstannate. . SnSSns" 



0=0 
p 5 
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§/® 

Stannous sulphate SOjSno". Q^ "^(g) 

X® 

TITANIUM, Ti. 

Atomic weight =60. Molecular weight unknown. S^, gr. 5*3. 
Atomicity " and ^% also pseudo-triatomic. 

The following are the names and formulae of the chief com- 
pounds of titanium : — 

Titanic tetrachloride TiCl,. ^-(tiMci) 

Dititanic heiuwhloride ... j wKp?. ("SV-CnMTiWcn 

Titanous oxide T^O. ®=® 

Titanic oxide or anhydride ^ 

(Eutile, Anatase, Brook- j* TiO,. 

ite) J 

® 
Titanic acid T^QHo,, V 

Titanic sulphide TiS",. 

Dititanic dinitride \ ij^j^"'- (2fe®~(^£® 

Trititanic tetranitride TljlS''''^ (s^© ® ©^® 
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CHAPTER XVI. 

PENTAD ELEMENTS. 

Section I. {Continued from Chapter XII.) 

PHOSPHOEUS, P,. 
Atomic weight =31. Molecular weight =124. Molecular 
volume I I I . 1 litre of j>hosphoru8 vapour weighs 62 
criths, Sp. gr. 1-83. I'mes at M-45°. Boih at 290°. 
Atomicity '" and''. Evidence of atomicity : — 

Phosphorous trihy dride P'^Hj 

Phosphorous trichloride P"'Cl3. 

Phosphoric chloride P^Clj. 

Phosphonic iodide P^H^I. 

Occurrence, — In combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Ma/nufactu/re, — Calcined bones or Sombrerite, both of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
acid, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate : — 

PACao"3 -h 2SO,Ho, = PAHo.Cao" + 2SO,Cao". 

Trioalcic diphos- Sulphuric Tetrahjdrio calcic Calcic 

phate (Bone-ash). acid. diphosphate. sulphate. 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide and tricalcic 
diphosphate are produced : — 

3Pp,Cao" + C,o = P,0,Cao". + ' lOCO + P,. 

Calcic meta- Trioalcic Carbonic 

phosphate. diphosphate. oxide. 
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AMORPHOUS PHOSPHORUS. AUotropie Fhosphorm. Bed 
Phosphorus. 

Obtained by heating common pLospIiorua to 230^-250^ in 
close veBsels. 

Neither the number nor the arraagement of the atotuB in 
the molecule of this variety of phoaphorua is known. 



COMPOUNDS OF FKOSFHOMJIB WITR 
RYBBOGEN. 

Phosphorus forma three compounds with hydrogen, wliich 
cannot be obtained by the direct combination of their elements. 

Solid phoaphoretted hydrogen.,. i p/p'^jry^ ^ 

Liquid ditto ,. "B"^^. 

Gaseous ditto ..„ PH,, . 



GASEOUS PHOSPHOEETTED HTBEOGEN. 

© 

MoUmilar weight ^Z4^~ Molecular volume \Zn\' 1 litre weighs 
17 criths. 

PreparaHon. — 1. By heating hypophoBphoroua acid i — * 

SPOH^Ho = PH3 + POH03, 

nypopboBphoroUH PhoaphoPetted Pbosphqric 

acii hyorog^jn. ftad, 

2. By heating phosphorous acid : — 

4POHH0, ^ PH, -h 3POH0,. 

PhonphoroM Fboapboruttod Phoaphorio 

auid. hrdrogeiL aad- 
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3. By heating phosphorus with solution of sodic or potassic 
hydrate : — 

SONaH + P^ + 30H, = 3POH,Nao + PH3. 

Sodio Water. Sodio Phosphoretted 

hydrate. hypophosphite. hjorogen. 

The gas prepared by this process contains free hydrogen and 
the vapour of liquid phosphoretted hydrogen. 

Reactions. — 1. By combustion in oxygen it yields phosphoric 
acid : — 

PH3 + 20, = POH03. 

Phosphoretted Phosphoric 

hydrogen. acid. 

2. "When passed through a solution of cupric sulphate, it 
causes a black precipitate of cupric phosphide : — 

2PH3 + 3SO,Cuo" = P,Ca"3 + 3SO,Ho,. 

Phosphoretted Cupric Cupric Sulphuric 

hydrogen. Bulpoate. phosphide. acid. 

3. When passed through a solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acids are formed : — 

PH3 + 8NO,Ago + 40H,= POHo3+4Ag,+8NO,Ho. 

Phosphoretted Argentic Water. Phosphoric Nitric 

hyorogen. nitrate. acid. acid. 

4. It unites directly with hydriodic and* hydrobromic acids 
when they are presented to it in the nascent state, forming 
compounds isomorphous with the corresponding substances in 
the nitrogen series : — 

PH3 + 31, = PI3 + SHI; 

Phosphoretted Phosphorous Hydriodic 

hydrogen. triiodide. acid. 

3PH, + SHI = 3PH,I. 

Phosphoretted Hydriodic Phosphonic 

hydrogen. add. iodide. 

In this behaviour phosphoretted hydrogen bears a striking 
analogy to ammonia, although, unlike the latter compound, it 
does not unite with other acids. 
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LIQXm> FHOSFHOSEITED HTDBOGEIT. 

©© . 

©(=) 
Molecular weight =i66. 

Preparation, — ^By tlie action of water or very dilute hydro- 
chloric acid upon calcic phosphide, 'P"aCa"a, the gas evolved 
being transmitted through a freezing-mixture : — 

Vfisi\ + 40H, = 'F',H, + 2Ca"Ho,. 

Cftldc Wftter. liquid phos- Caldo 

phocqphide. phoretted hydrate. 

' nydrogen. 

The calcic phosphide is prepared by passing the vapour of 
phosphorus over lime heated to redness : — 

14P + 14CaO = 2P,03Cao", + 6'F',Ca'V 

Lime. Cadoio Calcic 

pyrophosphate. phosphide. 

Eeaction. — Decomposed by sunlight into solid and gaseous 
phosphoretted hydrogen . — 

5''P"JlL^ = 6PHg 4- "j pfp'"!!)" ^ 

liquid phospho- Gktseons phospho- Solid phosphoretted 

recked hydrogen. retted hydrogen. hydrogen. 



> SOLD) FEOSFHOItETTED HTDBOGEN. 

rp(F"H)% 

\P(F"H)"^ 
Molecular weight =126 ? 

Preparation, — By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid phosphoretted hydrogen. 



n 
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COMFOUJSmS OF FHOSFHOBTTS WITH 

GSLOB^E, 

Phosphorus forms two compounds with chlorine : — 

Phosphorous trichloride I^Clj. 

Phosphoric chloride I^Clg. 

FHOSFHOBOUS TBICHLOBIDE. 

® 

Molecular weight =137*5. Molecular volume I I I . 1 litre of 
phosphorov^ trichloride vcypour weighs 68*75 criths. 8p.gr. 
1*45. BoiU at 74°. 

Freparation, — By the action of chlorine upon phosphorus : — 

p^ + 3C1, = apcv 

Reaction. — By the action of water it yields hydrochloric 
and phosphorous acids : 

PCI3 + 30H, = 3HC1 + POHHo,. 

Phosphorons Water. Hydrochlorio Phosphorous 

chloride. acid. acid. 



FHOSFHOBIC CHLOBIDE. 




PCI,. C2M3M2J 



Molecular weight as 208 'S. Molecular volume rFl to j-4-j. 
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COMPOUNDS OF PHOSPHORUS. 



1 lUre of johosphoric chloride weighs 52*1 to 10426 criths. 
Volatilizes helow IW, 

Freparation, — ^By the action of chlorine upon phosphorous 
chloride : — 

PCI3 + a = PCI,. 



Phoephoroos 
chloride. 



Phosphorio 
chloride. 



Beactions, — 1. By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric add : — 



PCI, + 

Phoephoric 
chloride. 



40H, 

Water. 



5HC1 + POHo . 

Phosphoric 
aad. 



Hydrochloric 
add. 



2. When suhmitted to the action of alcohols and adds, the 
chlorides of the radicals of the alcohols and acids are ohtained, 
thus: — 



/OH, 
\OH,Ho 

Ethvlic 
aloonoL 

JCH, 
tCOHo 

Acetic add. 



+ PCI. 

Phosphoric 
chloride. 



+ PCI. . 

Phoephoric 
chloride. 



;oH, 

tCH,Cl 

EUiylic 
chloride. 

JCH, 

\oo6i 

Aoetjrlic 
chloride. 



+ HCI + POCl,. 

Hydrodilorio PhosDhorio 
tricnlo] 



add. 

I- HCl 

Hydrodilorio 
add. 



oiTtrichloride. 

+ POCI3. 

Phoi 



GOMFOUND OF FFEOSPROBUS WITH OHLOBINE 

AND OXTQFK 

FHOSFHOBIC OXTTBICHLOBIDE. 




POCl,. 



Molecular weight =153*5. Molecular volume fTI . 1 Hire qf 
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piosphoric ox^HcMoride vapour weighs 76*75 critlis. 8p, gr. 
1*7. Boiling-point 110°. 
Freparation, — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

Pa^ + OH, = POCI3 + 2HC1. 

Phosphoric Water. PhcMrohorio Hydrochloric 

chloride. oxytricmloride. add. 

2. By passing oxygen through boiling phosphorous trichlo- 
ride : — 

PCI3 4- O = POCI3. 

Fhosphoroos Phosphoric 

trichloride. ozytricmoride. 

3. By heating phosphoric chloride with phosphoric anhy- 
dride : — 

P,0, + 3PC1, = 5POCI3. 

Phosphoric Phosphoric Phosphoric 

anhydride. chloride. oxytricnloride. 

4. It is formed as a secondary product in the preparation of 
the chlorides of alcohol and acid radicals as above described 
(p. 112). 

Reactions, — 1. By contact with water it is transformed into 
hydrochloric and phosphoric acids : — 

POCI3 + 30H, = POH03 + 3HCL 

Pho«phorio Water. Phosphoric Hydrochloric 

oxytridiloride. acid. acid. 

2. By distillation with the salts of organic acids it yields 
the chloracids: — 

^{cSNao + ^OCI, = 3{g55i + PONao,. 

Sodic Phosphoric Acetylic Sodic 

acetate. oxytrichloride. chloride. phosphate. 



COMJBOUNB OF FSOSFSOEUS WITH CRLOEINB 
AND 8ULFEUE, 

FHOSPHOBIC SULPHOTBICHLOBIDE. 

PS"Cl3. 
Molecular weight = 1695. JBoils at 128°. 



114 



COMPOUNDS OP PHOSPHORUS. 



Preparation, — By the action of sulpburetted hydrogen upon 
phosphoric chloride : — 



PCI. + SH, 



PS"Cl3 + 2HC1. 



Phoepborio Solphnretted Phosphoric Hydrochloric 

chloride. hydrof^n. milphotnchloride. acid. 

Beaction, — ^When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

60NaH + PS"C1, = SlSTaCl + PS"Nao3 + 30H,. 

Sodic Pho9phoric Sodic Trisodic Water, 

hydrate. Bolphotnchloride. chloride. sulpho- 

phosphate. 



COMPOUJVDS OF PHOSPHORUS WITH OXYGEN 
AND HYDEOXTL. 



Phosphorous anhydride . . . PgOg, 



Phosphoric anhydride . . . P2O5. 



Hypophosphorous acid . . . POH^Ho. 



Phosphorous acid POHHo^, 




COMPOUNDS OF PHOSPHORUS. 
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9 

Phosphoric acid 1 pqtt V,5M^'~Vyr\^kJ 

(tribasic) ... J '* 



Metaphosphoric 1 p^ tt 
acid (monobasic)- J ^ 




(monobasic)- 

0-<£)-®-(£>-©-©-© 

^ © 

Hexabasic phosphoric acid P^O^NaOg. 

Sodium salt (rieitmann and Henneberg) (Hexasodic tetra- 
phosphxtey. — 



Pyrophosphoric 1 
acid (tetrar \ 'PP^o^- 
basic) J 




Dodecabasic phosphoric acid P^oOigNaOj,. 

Sodium salt (Eleitmann and Henneberg) (Dodecasodic deca- 
phosphate): — 

0-. 
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PHOSFHOROXTS ANHTDBIDE. 

P.O.. 
Molecular weight =110. 

Freparation, — By the slow oxidation of phosphorus in a 
gentle current of dry air. 

Beaction, — In contact with water it produces phosphorous 
acid : — 

P,03 4- 30H, = 2P0HH0,. 

Fhosphoroos Water. Phosphorous 

anhydride. add. 



FHOSPHOBOUS ACID. 
POHHo,. 
Molecular weight =82. 

Freparation, — 1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 

p. 111). 

4. By passing chlorine through phosphorus under hot water. 
Beactions. — 1. When heated, it yields phosphoric acid and 

phosphoretted hydrogen : — 

4P0HH0, = aPOHo, + PII,, 

Phospboroufl Pbosiihoiip Phospliorotti+d 

field- iicid* hydfu^eti. 

2. It absorbs oxygen from the air, yielding phosphoric add : — 
2POHHo, + O, = 2POHo,. 

PhoBpboroofl add. Fhoiphorio add. 
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FHOSFHOBIC AKHTDBIDE. 

Molecular weight =142. 

Freparation. — By burning phosphorus in excess of dry air 
or oxygen. 

Beaction, — ^By contact 'with water it forms metaphosphoric 
acid : — 

P,0, + OH, = 2PO,Ho. 

Phosphoric Water. Metaphosphoric 

anhjoride. acid. 

METAFHOSPHOBIC ACID. 
PO,Ho. 
Molecular weight =80. 

Preparation, — 1. By dissolving phosphoric anhydride in 
water (see above). 

2. By heating phosphoric acid to redness — 

POH03 = PO,Ho + OH3. 

Phosphoric Metaphos- Water, 

add. phoric acid. 

Preparation ofmetc^hosphatee, — The metaphosphates may be 
produced — 

1. By igniting a dihydric phosphate with a fixed base : — 

POHo.Nao = PO^lSTao + OH,. 

Dihvdric sodic Sodic Water, 

pnosphate. mctaphosphate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 

POHoNao(N^H,0) = PO^lSTao + NH3 + OH,. 

Hydrio sodic ammonic Sodic Ammonia. Water. 

phosphate. metaphosphate. 

3. By igniting a dihydric pyrophosphate : — 

P,03Ho,]Srao, = 2P0,Nao + OH,. 

Dihydric disodio Sodic Water, 

pyrophosphate. metaphosphate. 
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FTBOPHOSFHOBIC ACID. 

Molecular weiglit =178. 

Preparation, — By decomposing plumbic pyrophosphate by 
hydrosulphuric acid : — 

P,03Pbo", + 2SH, = 2PbS" + P.OaHo,. 

Plumbic Solphoretted Plnmbio Pyrophoephorio 

pyrophosphate. hydrofj^n. milphide. add. ', 

Pyrophosphates are prepared by heating monohydric phos- 
phates containing two atoms of a fixed base : — 

2POHo]Srao, = P.OgNao, H- OH,. 

Hydric disodio Sodio Water, 

phosphate. pyrophosphate. 



PHOSPHORIC ACID, Orthophosphoric Acid, 
POH03. 
Molecular weight =98. 

Preparation, — 1. By boiling a solution of phosphoric anhy- 
dride or of metaphosphoric acid in water : — 

PA + 30H, = 2POH03. 

Phosphoric Water. Phosj^horic 

anhydride. acid. 

2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 

3. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 112 and 113). 

4. By the combustion of phosphoretted hydrogen in air or 
oxygen: — 

PH3 + 20, = POH03. 

Phosphoretted Phosphoric 

hydrogen. add. 
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6. By decomposing tri calcic diphosphate (bone-ash) with a 
large excess of sulphuric acid :— 

P,0,Cao"3 + 3SO,:Eo, + 60H, = 2POH03 

Tricalcio Sulphuric Water. Phoaphorio 

diphosphate. add. a<ad. 

+ 3SHo,Cao". 

Gypsum. Tetrahydrio 
calcic sulphate. 

Beaction, — When heated to 213°, it produces pyrophos- 
phoric acid i — 

2POH03 = P.OsHo, + OH,. 

Phosphoric Pyrophosphoric Water, 

acid. add. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Common sodic phosphate 1 POHoNao,, 120F,. 
(Sydric disodic 'phosphate) J 

Trisodic phosphate PONaOa, 120H,. 

Hydric sodic potassic phosphate POHoNaoKo, OH,. 

Apatite (Francolite) P303Cao"/^Ca." )• 

Triple phosphate (Diammonic\ ^^ . ,, „ ^ ^ 
dimagnesic diphosphate) ... } P.O,Amo,Mgo '„120H.. 

Yivianite :... P,0,reo"3, 80H,. 

WavelUte P,0CAl"',0e)^3, 120H,. 

Pyromorphite P303Pbo"/ci ^^" } 



AESENIC, As,. 

Atomic weight =75. Molecular weight =300. Molecular 
volume t 1 1 . 1 litre of arsenic vapov/r weighs 150 criths, 
8p.gr. 5-6 to 5-9. Volatile at 180°. Atomicity '" and\ 
Evidence of atomicity : — 
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Arseniuretted hydrogen A«"'H3. 

Arsenious chloride Am"'CI^. 

Tetrethylarsonie chloride Aa^Et^Cl. 

Occurrence, — In nature, in various ores, and sometimes in 
the free state. In some mineral waters, and in the mud of 
rivers. 

Preparation, — By reducing, with charcoal, arsenious anhy- 
dride, which is produced in the roasting of many ores : — 

Aa.O, + 3C = As, + 3C0. 

Arsenious Carbonic 

•nhydride. oxide. 



COMFOVKD OF AltSENIO WITH HTDBOQEN. 

ABSENIUBETTED HTDBOGEN, Arsenious SydHde, 
A.H3. 

Molecular weight =78. Molecular voltime I I 1 . 1 litre weighs 
39 criths. Boils at —40°. 

Preparation, — 1*. In the pure state by the action of sulphuric 
acid on an aUoy of arsenic and zinc : — 

A«,Zn"3 + 3SO,Ho, = 3SO,Zno" + 2ASH3. 

Arsenious Solphnric Zindo Arseniuretted 

suicide. acid. sulphate. hydrogen. 

2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen : — 

ASH03 + 3H3 = AsHg + 30H,. 

Arsenious Arseniuretted Water, 

acid. hydrogen. 

Reactions, — 1. "When burnt with free access of air, it gives 
water and arsenious anhydride : — 

2A»H3 + 30, = A8,03 + 30H,. 

Arseniuretted Arsenious Water, 

hydrc^n. anhydride. 
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2. When burnt with a limited supply of air, it yields water 
and free arsenic : — 

4A«H3 + 30, = As, -h 60H,. 

Arseninretted Water, 

hydrogen. 

3. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 
a precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution : — 

6NO,Ago -h 30H, 4- AmK, = 6NO,Ho 

Argentlo nitrate. Water. Arseninretted Nitric add. 

hydrogen. 

. 4- A«Ho, + 3Ag,. 

Arsenions acid. 

COMPOUITD OF ABSUmO WITH GELOBINE. 
ABSENIOUS CHLOBIDE. 

A.C1,. 
Molecular weight =181*5. Molecular volume I I I . 1 litre of 
arseniotis chloride vapour weighs 90*76 criths. Sp, gr, 2*205. 
Boih at 132°. 

Fr^aration, — 1. By the action of dry chlorine upon arse- 
nic: — 

As, + 3C1, = 2ASCI3. 

Arsenions 
chloride. 

2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) : — 

As, + GHgCl, = 3'Hs',Cl, + 2A»Cl3. 

Meronric Mercnrons Arsenious 

chloride. chloride. chloride. 

3. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

A«,03 + eJSTaCl + 6SO,Ho, = 2A«C1. 

Arsenions Sodio Sulphuric Arsenious 

anhydride. chloride. acid. chloride. 

+ 6SO,HoNao + 80H,. 

Hydric sodic Water, 

sulphate. 
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BeacHon, — ^With excess of water it forms arsenious and 
hydrochloric acids : — 

A«Cl3 + 30H, = 3HC1 + A«Ho3. 

Arsenioiis Water. Hydroohlo- Arseniooa 

chloride. no acid. aoid. 



COMFOTTNDS OF ARSENIC WITH OXYGEN AND 
KYBBOXYL, 

Arsenious anhydride Aa^Og. 

Arsenic anhydride As^O^. 

Arsenious acid AsHoj. 

Arsenic acid AaOHo,. 



ABSENIOTJS ANHYBBIDE. 

A.,03. 

Molecular weight =198. Molecular volume D. 1 litre of 
arsenious anhydride vapour weighs 198 criths (anomalous), 
Sp. gr. 3-7. 

Occurrence. — Very rare in nature. 
Preparation, — 1. By burning arsenic in air or oxygen. 
2. By roasting arsenical ores in certain metallurgical opera- 
tions. 

ARSENIOUS ACID. 
ASH03. 
Molecular weight =126. 

Only known in solution. 

Arsenious acid forms many salts, of whicli the following are 
examples : — 

Dihydric potassic arsenite {Fowler*s 

solution) AaHojKo. 

Hydric cupric arsenite {Scheele's 

green) AaHoCuo". 

Triargentic arsenite AaAgo,. 



ARSENIC ACID. 
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A monobasic arsenious acid, AsOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsOAmo, 
being known. Arsenious acid when boiled with cupric ace- 
tate yields Schweinfurt green, SASaOj^Cuo", CuCC^HaOJ,. 



ABSENIC ANHTDBIDE. 

AsA. 
Molecular weight =230. 

Preparation, — By heating arsenic acid nearly to redness : 
2ASOH03 = 30H^ H- As.Oj. 



Arsenic add. 



Water. 



Arsenic 
anhydride. 



ASSEHIC ACID. 
AsOHo,. 
Molecular weight =142. 

JPrqpmratUm.—^j treating arsenious antydride with nitric 
acid: — 



A»,0, + 2NO,Ho + 20H, = 2A»OHo, 



N,0, 



Arsenious Nitric acid. Water. Arsenic acid. Nitrons 

anhjdride. anhydride. 

Salts are known derived from acids of the three following 
formulsB : — 

AsO.Ho, A8OH03, 

Hetarsenic acid. Arsenic acid. 



corresponding 
to 

PO,Ho 

Metaphosphoric 
add. 

and 
NO,Ho. 

Nitric add. 



corresponding 
to 

POHO3. 

Phosphoric 
add. 



A«,0,Ho„ 

Fyrarsenio add. 

corresponding 
to 

P.O3H0, 

Pyrophoephoric 
acid. 



g2 
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COMPOUNDS OF ABSENIC WITH SULPHUR AND 
HYDROSULPHYL. 



Eealgar 

Sulpharsenioufi anhydride (Jrsenious 
sulphide) 



AsS" "" ■"* 2^ a- 



Sulpharsenic anhydride (Arsenic suU 1 *^ ^„ 

phide) I'^Py 

Sulpharsenious acid AsHsg. 

Sulpharsenic acid A8S"H83. 



BEALGAB, IHarsenious Disulphide. 
'A»\S\, or {^|;. 

Molecular weight =214. S^, gr, 3*5. 

Occurrence. — ^Found native. 

Preparation, — By heating sulphur with arsenious anhy- 
dride : — 

S, + 2A8,03 = 3S0, + 2'A8",S'V 

Arsenious Salphurous Bealgar. 

anhydride. anhydride. 

SUIfPHABSENIOUS ANHTDRIDE, Arsenious Sulphide, 
Orpiment. 

A«,S".. 

Molecular weight =246. S^p. gr, 3*5. 

Occwrrence,-^'Fo\mdi native. 

Preparation,— 3j passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid : — 
2ASCI3 + 3SH, = 6HC1 + A8,S",. 

Arsenious Solphnretted Hydroohlprio Arsenions 

chloride. hydrogeQ. acid. sulphide. 
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Beaction. — ^Arsenious sulpliide dissolves in caustic alkali, 
producing an arsenite and a sulpharsenite : — 

A«,S"3 + 40KH = AsHoKo, + AsHsKs, -f OH,. 

Anemona Potasaic Hydric dipo- Sulphhjdrio Water, 

sulphide. hydrate. tassio arsenite. disolphopotaasio 

solpharaenite. 

By the addition of an acid, the arsenious sulphide is repre- 
cipitated : — 

AsHoKo, -f AsHsKs, + 4HC1 = 4KC1 

Hydric dipotas- Snlphhydrio Hydrochloric Fotaasic 

_-• •!.. diBulphopotasaio '"'* -vi-_ij- 

Bulpharsenite. 



sio arsenite. disolphopotasaio add. chloride. 

Ipharsen" 



+ A»,S", + 30H,. 

ArsenioQs Water, 

snlphide. 

Proustite is a native sulphargentic sulpharsenite, AsAgs,. 



SULFHABSENIC ANHTDBIDE, Arsenic Sulphide. 

AsA. 
Molecular weight =310. 

Preparation, — By fusing together arsenious sulphide and 
sulphur. Sulpharseniates may be obtaiued by passiug sulphu- 
retted hydrogen through solutions of arseniates : — 

AsOHoNao, + 4SH, = AsSHsNas, + 40H,. 

Hydrio disodic Sulphuretted Solphhydric disnlpho- Water, 

arseniate. hydrogen. sodic solpharseniate. ' 



ANTIMONY, Sb,? 

Atomic weight =122. Probable molecular weight =488. /^. 
gr. 6-7. Fuses at 430°. Atomicity '" and \ Evidence of 
atomicity : — 

Antimonious chloride Sb'^Clj. 

Antimonic tetretho- chloride 1 ««. tju rn 
{TetrethyUtilonic chlonde), ] So^-^*^. 
Antimonic chloride SVCh. 
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Occurrence. — To a small extent in the native state. Alloyed 
with metals in a few minerab. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
itibnitey which consists of antimonious sulphide. 

Preparation, — 1. By fiising the native sulphide and intro- 
ducing metallic iron, which removes the sulphur : — 

Sb,S"3 + 3Fe = 3PeS" + Sb,. 

Antimoniona Ferrous 

solphide. sulphide. 

2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxide : — 

2Sb,S''3 + 90, = 2Sb,03 + 6S0,. 

Antunoniona Antunonious Snlphnrons 

sulphide. oxide. anhydride. 

The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, the 
remaining sulphide is converted into oxide by the sodic carbo- 
nate, and subsequently the oxide is reduced by the carbon : — 

1. Sb^S", + 3CONao, = 3C0, + SSNa, + Sbp3; 

Antimonious Sodic Carbonic Sodic Antimonions 

Bolphide. carbonate. anhydride. sulphide. oxide. 

2. Sb,0, + 3C = 3C0 + 8b,. 

Antimonious Carbonic 

oxide. oxide. 

8. Antimony may be obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of nitric 
acid upon crude antimony. 



COMFOUND OF AJ^TIMONY WITH RTDBOGEK 

ANTIMONIXntETTED HTDBOGEN, Antimonious Hydride, 
SbH,. 
Molecular weight =125 ? 

This compound is unknown in the pure condition. 
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Preparation, — 1. By the action of hydrochloric Ucid upon an 
alloy of zinc and antimony : — 

Sb,Zn"3 + 6HC1 = 2SbH3 + SZnCl,. 

AntjmoniouB Hydroohlorio Antimonious Zindo 

zinoide. add. hjdride. chloride. 

2. By the action of nascent hydrogen evolved from zinc and 
snlphuric acid upon soluble antimony compounds. In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen : — 

SbCls + 3H, = SbH, + 3HC1. 

Antimonious Antimonioas Hjdrochlorio 

diloride. hydride. add. 

Reactions, — 1. When burnt in air or in oxygen, it yields 
water aad antimonious oxide : — 

2SbH3 + 30, = S\0, + 30H,. 

Antimonions Antimoniotu Water, 

hjdride. oxide. 

2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited : — 

4SbH3 + 30, = Sb, + 60H,. 

Antimonious Water, 

hjdride. 

8. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 121): — 

3NO,Ago + SbH3 = 3NO,Ho + SbAgg. 

Argentic AntimonioiiB Nitric Antimonious 

nitrate. hjdride. add. argentide. 

Erom the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 

Antimonious hydride SbHg. 

Antimonious bromide SbBr,. 

Antimonious argentide SbAgg. 
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Antimonious zincide Sb^Zn",. 

Antimonious ethide. {TriethyUtihine.) SbEtg. 
Antimonious amylide. (IHamylstMne,) SbAjg. 



COMPOUJSrjDS OF ANTIMONT WITH CHLOBIKE. 

Antimonious chloride SbClg. 

Antimonic chloride SbClg. 



ANTIMONIOUS CHLORIDE. 

SbCl3. 

Molecular weight = 228'5. Molecular volume I I I . 1 litre of 
cmtimonious chloride vapour weighs 114*25 criths. Fuses 
at 72°. Boih at 223°. 

Preparation, — 1. By passing chlorine over excess of metallic 
antimony or antimonious sulphide, and purifying by distil- 
lation : — 

Sb, + 3C1, = 2SbCl3. 

Antunonious 
chloride. 

2Sb,S", + 9C1, = 4SbCl, + 3'S',C1,. 

Antiinoniotis AntiinoniouB Disulphur 

sulphide. chloride. diohloride. 

2. By dissolving antimonious sulphide in hydrochloric acid, 
or antimony in hydrochloric acid containing a little nitric acid, 
evaporating and distilling the product : — 

Sb,S"3 + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hjdroohlorio Sulphuretted Antimonions 

snlphide. acid. hjdrogen. chloride. 

8b,+GHCl + 6NO,Ho = SSbCL. + GOH^ + 3'rr',0,. 

Hydmehloriij Iff trie AuMmoniona Water, Nitric 

acid' acid. chlg'ride. pcroiidti. 
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3. By distilling antimony or antimonious snlpliide with 
mercuric chloride : — 

Sb, + 4HgCl, = 2SbCl3 + 'Sb",Hg", + 'Hg'^Cl,. 

Meronric Antiinonioas Dimemirio Mercaroiu 

chloride. chloride. diantimonide. chloride. 

Sb,S", + SHgCL, = 2SbCl, + 3HgS". 

Antimonioas Mercario Antiinomoas Mercuric 

sulphide. chloride. chloride. sulphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
SaOeSbo'", + 6NaCl = 2SbCl3 + SSO.Nao,. 

Antimonious Sodio Antunonious Sodic 

sulphate. chloride. diloride. sulphate. 

MeacUon, — With water it produces antimonious oxychlo- 
ride: — 

SbCl3 + OH, = 2HC1 + SbOCl. 

Antimonious Water. Hydrochloric Antimonious 

chloride. acid. ozjchloride. 

Long-continued action of water transforms this compound 
into antimonious oxide : — 

2SbOCl + OH, = 2HC1 + Sb^Og. 

Antimonious Water. Hydrochloric Antimonious 

oxychloride. add. oxide. 



ANTIMONIC CHLOBIDE. 

SbCl,. 

Molecular weight =299*5. Fuses at (f. 

Preparation, — 1. By acting upon antimony with excess of 
chlorine : — 

Sb, + 5C1, = 2SbCl,. 

Antimonic 
chloride. 

2. By passing chlorine over antimonious chloride, the latter 
liquefies, producing antimonic chloride : — 

SbCl3 + CL. = SbCl,. 

Antimonious Antimonic 

diloride. chloride. 

g5 
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Beactions. — 1. With a small quantity of water it forms 
antimonic oxytrichloride, analogous to phosphoric oxytrichlo- 
ride: — 

SbCl, + OH, = SbOCl, + 2HC1. 

Antiinoiiio Water. Antimoiiio Hydrodilorio 

chloride. oxytridil(Hride. acid. 

2. An excess of water transforms antimonic chloride into 
orthantimonic acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid : — 

SbCl« + 40H:, = SbOHoa + 5HC1: 

Antiiiumio Water. OrthaQtimonic Hydrochloric 

<dLloride. add. add. 

orSSbCl, + 70H, = Sb,0,Ho, + lOHCl. 

Antiinonio Water. Fyranfunonio Hydrochloric 

diloride. add. add. 

3. By the action of sulphuretted hydrogen antimonic sul- 
photrichloride is formed : — 

SbCl^ + SH, = SbS"Cl3 + 2HC1. 

Antimonio Sulphuretted Antiinonic Hydrochloric 

diloride. hydrogen. snlphotrichloride. add.- 

Antimonious bromide, SbBr,, resembles antimonious chloride; 
it fuses at 90°, boils at 270°, and by the action of water is 
converted into the oxybromidey SbOBr. 

Antimonious iodide, Sbl,, when acted upon by water forms 
the oxyiodide, SbOI. 

The corresponding,/?won^^, SbPj, is said to exist and to be 
soluble in water without decomposition. 



OXmrn AND ACIDS OF ANTIMONY. 

Antimonious oxide or anhydride Sb^Og. 

Diantimonic tetroxide 'Sb^^^O^. 
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Antimonic anhydride Sb^Og. 

Metantimonious acid SbOHo. 

Orthantimonic acid SbOHo,? 

Metantimonic acid SbOj,Ho. 

Pyrantimonic acid SbaOgHo^. 



ANTIMONIOUS OXIDE, OB ANHTDBIDE. 
Sb,03. 

Molecular weight =292. 

Occv/rrence. — In nature in the rare minerals valentinite and 
senarmontite, 

Preparation. — 1. By burning antimony in air : — 

2Sb, + 30, + 2Sb,03. 

Antuuonious 
oxide. 

2. By pouring a solution of antimonious chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate : — 

2SbCl3 + 3CONao, = Sb.O, + 3C0, + 6NaCl. 

Antimonioiis Sodio Antimonious Carbonic Sodio 

chloride. carbonate. oxide. anhydride. chloride. 

3. By heating metantimonious acid to the temperature of 
boiling water : — 

2SbOHo = OH, + Sb,03. 

MetantimoniooB Water. Antimonious 

add. oxide. 

Beaetions, — 1. When heated to redness in the air, it bums 
like tinder, forming diantimonic tetroxide : — 

Sb,0, + O = 'Sb^O. 

Antimonious BiAutiiiion 
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HETANTIHONIOrS ACID. 



2. Beadilj reduced to the metallic state by ignition with 
charcoal, hydrogen, &e. : — 

SbA + C, = Sb, + 3C0. 



Antimonioos 
oxide. 



Sb,0, 

Antimonioos 



c. 

+ 3H, 



+ 
Sb. + 



Carbonic 
oxide. 

30H,. 

Water. 



3. Eeadily dissolved by a hot solution of hydric potaasic tar- 
trate (cream of tartar), forming potassic antimonylic tartrate 
(tartar emetic) : — 



rCOHo 
CHHo 
CHHo 
COKo 

Hjdric potaasio 

tartrate (Cream 

of tartar). 



+ SbA 



AntimonioiiB 
oxide. 



'^CO(Sb"'0^ 
CHHo , *»TT 

CHHo + °^'- 

.COKo 

Potassic antimonylic Water, 

tartrate (Tartar 
emetic). 



4. Dissolved by bydrocbloric acid, forming antimonious 
chloride : — 



Sb.O, + 6HC1 = 2SbCl3 + 



Antimonious 
oxide. 



Hydrochloric 
acid. 



Antimonious 
chloride. 



80H,. 

Water. 



METANTIMONIOUS ACID. 
SbOHo. 
Molecular weigM =156. 

Preparation, — 3j pouring a solution of antimonious chloride 
into a cold solution of sodic carbonate : — 



2SbCl3 + 

Antimonious 
chloride. 



SCONao, 

Sodic 
carbonate. 

3C0, 

Carbonic 
anhydride. 



OH, 

Water. 

+ 6NaCl. 

Sodic 
chloride. 



= 2SbOHo 

Metantimonioos 
add. 



ANTIMONIC ANHYDRIDE. 
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BeacUons, — 1. Decomposed by heat (page 131). 
2. Eeadily dissolved by alkaline hydrates, producing ill-de- 
fined antiinonites. 



DIAKTIMONIC TETBOXIDE. 

Molecular weight =308. 

Occu/rrence, — Found native as cervantite. 

Preparation, — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 



2Sb,0, 

Antimonio 
oxide. 



Diantimonio 
tetroxide. 



0,. 



2. By heating antimonious oxide in contact with the air : — 
2Sb,0, + 0, = 2'Sb'^,0,. 

AntimonioTis Diantimonic 

oxide. tetroxide. 



ANTIMONIC ANHTDBIDE. 

Sb,0.. 

Molecular weight =324. Sp, gr. 6*6. 

Preparation, — Bj gently heating the corresponding acids : 



2SbOHo, = 



Orthantimonic 
add. 



2SbO,Ho = 

Metantimonic 
add. 



Sb,0. 

Antimonic 
anhydride. 

Sb.O. 

Antimonic 
anhydride. 



SbAHo, = SbA + 



Pyrantimonic 
add. 



Antimonic 
anhydride. 



30H,. 

Water. 

OH,. 

Water. 

20H,. 

Water. 
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METANTIMONIC ACID. 



BeacHont, — 1. When heated, it is decomposed into dionti- 
nMHiic tetpoxide and oxygen (see page 133). 

2. Fused with potassic carbonate, it produces potassic met- 
antimoniate : — 

Sb,0, + COKo, = 2SbO,Ko + CO,. 

Antimonio Potassio Fotossio Carbonic 

anhjdride. «MHtK>Bate. metmtimoniate. anhydride. 



OBTHAKTIMONIC ACID? 

SbOHog? 

Preparation, — Said to be formed by the action of water upon 
antimonic chloride (see p. 130). 



METANTmONIC ACID. 

SbO^Ho. 

PreparaHon, — 1. By the action of nitric acid containing a 
little hydrochloric acid on metallic antimony : — 



Sb, 



+ 4NO,Ho 

Nitrio acid. 



2SbO,Ho + 



Hetantimonio 
acid. 



mtrons 
anhydride. 



Nitric oxide. 



OH.. 

Water. 



2. By the spontaneous dehydration of orthantimonic acid, 
or of pyrantimonic acid : — 



SbOHo3 = 

Ortiliaiitunonic 
acid. 

SbAHo. = 

Pyrantimonic 
aoid. 



OH, 

Water. 

OH, 

Water. 



+ SbO,Ho; 

Metantimonio 
add. 

+ 2SbO,Ho. 

Metantimonic 
acid. 



m 



PYRANTIMONIC ACID. 
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Reaction. — ^By the action of alkaliiie hydrates it produces 
either metantimoniates or orthantimoniates : — 



SbO,Ho + OKH = SbO,Ko + 



Metaatunonio 
acid. 



Fotassio 
hydrate. 



Potaessio 
metantimoniate. 



OH,; 

Water. 



SbO,Ho + OKH = SbOHo,Ko. 



Metanfuiumic 
acid. 



Fotassio 
hydrate. 



Dihydric potassio 
orthantiTnonifttft- 



FTRANTIKCONIC ACID, Farmtimonic Acid. 

(Metantimonic acid ofFrem^*) 

Sb,O.Ho,. 

Preparation. — By acidifying solutions of pyrantimomates : 

+ 2HC1 = Sb,0,Ho. + 2KC1. 



Sb,0,Ko,Ho, 

Dihydric dipotassic 
pyrantimoniate. 



Hydrochloric 
acid. 



Pyrantimonio 
acid. 



Potassio 
chloride. 



Dihydric dipotassic pyrantimoniate is prepared by fusing an- 
timonic anhydride with excess of potassic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimoniate SbjOgHo^KOj is formed. 
This solution produces precipitates in solutions of sodium 
salts, tl^ sodic pyrantimoniate thus formed containing 
Sb,03Ho,Nao., 60H,. 



COMFOUND OF ANTIMONY WITR OXYGEN 
AND SULFRVB, 

ANTIMONIOnS 0X7DISULFHIDE. 



fSbS" 
SbS" 



=Sb,S",0. 



Jdolecular weight =324. 

Occurs as a rare mineral known as red antimony. 
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COMPOUNDS OF AlfTIMONY AND STTLPEUB, 

AntimoniouB sulpliide Sb^S",. 

Antimonic sulpliide Sb^S'V 



ANTIMONIOUS SXTLPHIDE, Sulphantimonious Anhydride. 

sb^s'v 

Mblecularioeight ==840. 

Occurrence, — In nature as stibnite or ^rey antimony ore. 
FreparaHon, — 1. By heating together antimony and sulphur, 
or antimonious oxide and sulphur in the proper proportions : — 
2Sb, + 3S, = 2Sb,S3. 

AntimonioiiB 
sulphide. 

2Sb,0. + S, = 2Sb,S", + 3S0,. 

Antunonioiis Antiinomous SnlphnroiiB 

oxide. sulphide. anhydride. 

2. By passing sulphuretted hydrogen through a solution of 
antimonious chloride : — 

2SbCl3 + 3SH, = Sb,S"3 + 6HCL 

Antimonious Sulphuretted Antimonious Hydrochloric 

diloride. hydrogen. sulphide. ad^ 

BeacHoM. — 1. Decomposed by hot hydrochloric acid (see 
p. 128). 

2. Soluble with decomposition in solutions of alkaline hy- 
drates : — 



Sb,S", + 6KHo = 


= SbKs, + SbKog + 30H,. 


Antimonious Potaseic 
sulphide. hydrate. 


Tripotassic Tripotassio Water, 
sulphanti- antimonite. 
monite. 



Addition of an acid reproduces and precipitates the antimo- 
nious sulphide : — 

SbKs3 + SbKo3 + 6HC1 = Sb,S"3 + 6KC1 -|- 30H,. 

Trisulpho- Tripotassio Hydro- Antimo- Potassic Water. 

potassio antimonite. chloric nious chloride, 

sulphanti- acid. sulphide. 

monite. 
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3. Soluble in alkaline snlphliydrates : — 

Sb^S", + 6KHs = 2SbKs, + 3SH,. 

Antunonioos Potaaaio Trisnlphcq^xitaasio So^hnretted 

sulphide. solph- aolphanti- hydrogen, 

hydrate. monite. 



SXTLPHAirnXONITES. 

Many sulpliantimonites occur in nature : — 

OrfhosulpTumtimonites. 
Chneral formula :— SbMsj and Sb^Ms",. 

Dark-red silver. Trisulphargentic sulphan- 

timonite SbAgs,. 

Boulangerite. Trisulphoplumhic sulphan- 
timonite Sb^Phs",. 

Boumonite. Disulphopltwibic sulpJiocu- 
prou8 sulphmtimonite SbjjPbB",(Cu,S"X. 

Metasulphantimonites, 
General formula :—ShS"Ma and Sb,S",MB". 

Miargyrite. Sulphargentic metasulphan- 

timonite SbS"Ags. 

Zinkenite. Sulphophmhic metasulphanti" 

monite Sb.S'^Pbs". 

Antimony copper glance. Sulphocuprous 

metasulphmtimonite Sb^'\{C\x^" ^" , 

Bertbierite. Sulphoferrous metasulphan' 

timonite Sb^S^j^Fes". 

Fgrosulphantimonites, 
General formula iSh^&'Ms^ and Sh^B"Ms'\. 
Featber ore. Sulphyplwmhic pyromlpJian' 

timonite Sb.S'Tbs'V 

Eablore. SulpTiocvprosoferrouspyromlpTi' 
antimonite Sb,S"(CUaFeS",)'V 
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ANTIHONIC SULPHIDE, Sulphmiimonie Anhydride. 

Molecular weight =404. 

Preparation. — 1. By passing sulphuretted hydrogen through 
a solution of antimonic chloride : — 

2SbCl„ + 5SH, = Sb,S", + lOHCl. 

Antimonio Sulphuretted Antimonio Hydroohlorio 

ohloride. hydrogen. sulphide. acid. 

2. By the addition of an acid to a solution of a sulphanti- 
moniate : — 

2SbS"Nas, + 6HC1 = Sb^S", + 6NaCl + 3SH,, 

Trisulphosodio Hydro- Antimonio Sodic Sulphu- 

■olphantimoniate. cmorio sulphide. ohloride. retted 

acid. hydrt^n. 

• 

Reactions. — 1. Decomposed by boiling hydrochloric acid, into 
antimonious chloride, sulphuretted hydrogen, and sulphur : — 

Sb,S", + 6HC1 = 2SbCl3 -f 3SH, -f S,. 

Antimonio Hydro- Antimonious Sulphu- 

■ulphide. chloric dhloride. retted 

acid. hydrc^en. 

2. Soluble in solutions of alkaline sulphides : — 

Sb,S", 4- 3SK, = 2SbS"Ks3. 

Antimonio Potassic Trisulphopotaraio 

sulphide. sulphide. sulphantimoniate. 

3. Soluble in solutions of alkaline hydrates : — 

4Sb,S", + 240KH = SSbOKog + 6SbS"Ks, -f 120H,. 

Antimonio Potassic Tripotassio Trisulphopotasaio Water, 

sulphide. hydrate. antimoniate. sulphanti- 

moniate. 
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BISMUTH, Bi^P 

Atomic weiglt =208. 8p. gr, 9*83. Fuses at 265°. Atomicity 
'" and ^. Evidence of atomicity : — 

Bismuthous chloride Bi"'Cl3. 

Bismuthous oxide Bi'"208. 

Bismuthous ethide , Bi'^Etg. 

Bismuthous dichlorethide Bi'^EtCl^. 

Bismuthic anhydride 'Bi'^jdy 

Oecwrrence, — Principally in the metallic state in nature. 

Preparation. — 1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtaiaed in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

No compound of bismuth with hydrogen is known. 



COMFOUm) OF BISMUTH WITH CRLOEIITE, 

BISMUTHOUS CHLORIDE. 

BiCl3. 

Molecular tceiyht =314*5. Molecular volume J I I . 1 litre of 
hismuthotts chloride vapour weighs 157*25 criths, 

Preparation. — 1. By passing dry chlorine over metallic bis- 
muth : — 

Bi, + 3C1, = 2BiCl3. 

Bismuthous 
diloride. 

2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little nitric acid, and distilling. 
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3. By distilling metallic bismuth witli mercuric chloride: — 
Bi. -h 6HgCl, = 2BiCl3 + S'Hs'.Cl,. 

Meroario Bismuthotu MeronrooB 

chloride. chloride. chloride. 

BeacHon, — By the addition of water it is decomposed, form- 
ing bismuthous oxychloride : — 

BiCl, + OH, = BiOCl + 2HCL 

Bismnthoos Water. Bismuthous Hjdrochlo- 

ohloride. oxjchloride. rio add. 

The following compounds are also known : — 

Bismuthous bromide BiBrj. 

Bismuthous iodide Bilg. 

Bismuthous fluoride BiFg. 

Bismuthous oxybromide BiOBr. 

Bismuthous oxyiodide BiOI. 

Dibismuthous tetrachloride \ to CL 



COMPOUNDS OF BISMUTH WITH OXTQEN 
AND RTDBOXTL. 

Dibismuthous .dioidde | ?J9* 

Bismuthous oxide BigOg. 

Dibismuthic tetroxide 'Bi^^jO^. 

Bismuthic anhydride Bi^Oj. 

Bismuthous oxyhydrate,ormeta- \ -j.^tt 

bismuthous acid J 

Metabismuthic acid BiOaHo. 



BISHUTHOUS OXIDE. 
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BISMTTTHOUS OXIDE. 
Bi,0,. 
Molecular weight =464. Sp, gr, 8*2. 

Occurrence. — ^As the rare mineral bismuth ochre. 
Preparation. — 1. By burning bismuth in air or oxygen. 
2. By heating the nitrate, carbonate, or hydrate : — 

+ 30, 



2N,O.Bio"' 


= Bi,0, + 3N,0, 


Bismuthous 


Bismuthous Nitrous 


nitrate*. 


oxide. anhydride. 



2NO,(Bi"'Ho,0) = Bi,0, + 20H, + N,0, + 0,. 

Bismuthous nitrate Bismuthous Water. Nitrous 

dihjdratet- oxide. anhydrid 

CO(BiO,), = Bi,0, + CO,. 

Bismuthylic Bismuthous Carbonic 

carbonate X* oxide. anhydride. 



2BiOHo = Bi,0, + 



Bismuthous 
oxyhydrate. 



Bismuthous 
oxide. 



OH,. 

Water. 
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3. By boiling bismutboua bydrate in solution of potassic by- 
drate, wbereby it is converted into bismutbous oxide witb loss 
of water. 

BeactioM. — Dissolved by bydrocbloric, nitric, and sulpburic 
acids, forming tbe bismutbous cbloride, nitrate, and sul- 
pbate : — 

BiCl3. N,OeBio"'. S30eBio"V 

Bismnthons Biamathoas Biamnthons 

diloride. nitmte. snlpbate. 



BISMUTHOUS OXTHTDRATE, MetMsmuthous Acid. 
BiOHo. 

Preparation. — By pouring a solution of bismutbous nitrate 
in dilute nitric acid into dilute ammonia or potassic bydrate, 
and drying tbe precipitate, wbicb, at first, probably contains 
ortbobismutbous acid : — 



N,0,Bio"' 


+ 


30KH 


= BiHo3 + 


3N0,K 


Bismnthoos 




FotMsio 


Orthobismnthoos 


Potaasic 


nitrate. 




hydrate. 


add. 


nitrate. 



BiHo, = BiOHo + OH,. 

Orthobismuthons Metabismathoiis Water, 

aoid. acid. 

Beaction. — By beat or by boiling witb caustic alkali, tbe 
water is expelled, and bismutbous oxide formed (see p. 141). 

An unstable metabismutbite is produced by fusing bismu- 
tbous oxide witb sodic carbonate : — 



Bi,0, 


+ 


CONao, 


= 2BiONao + CO,. 


Usmathoiu 




Sodic 


Sodic Carbonic 


oxide. 




carbonate. 





BISKUTHIC OXIDE, OR ANHTDBIDK 
Bi,0, 

Frepa/ration, — By beating bismutbic acid to 130°. 
Reactions, — 1. Wben beated to tbe boiling-point of mer- 



METABISMUTHIC ACID. 
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cury, it losea oxygen, being converted either into bismathons 
oxide or dibismuthictetroxide: — 



Bi,0. 

BismntMc 
oxide. 



= Bi,0, + 

Bitmuthoos 
oxide. 



o. 



2Bi,0, = 2'Bi'\0, + 0,. 

Biamuthic Dibismuthic 

oxide. tetroxide. 

2. Wbeh Heated in a current of Hydrogen, it is readily reduced 
to bismuthous oxide. 

3. Heated with hydrochloric acid, it evolves chlorine, produ- 
cing bismuthous chloride and water : — 

+ 2C1,. 



Bi,0. 


-h lOHa = 2BiCl3 + 


50H. 


Biamnthio 


Hydrochloric Bismuthoua 


Water. 


oxide. 


add. chloride. 





4. Sulpburous acid converts it into bismuthous sulphate : — 
8Bi,0. + 6SOH0, = 2S,O.Bio"', + Bi,0, + 60H.. 

Biamnthio Solphurooa Biamuthooa Biamnthooa Water, 

oxide. acid. ■olphate. oxide. 

5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate : — 



BiA + 

Biamuthic 
oxide. 


3SO,Ho, = SA-Bio'", + 

Snlphorio Biamnthooa 
acid. aulphate. 


30H, 

Water. 


+ 0,; 


BiA + 

Biamuthic 
oxide. 


6NO,Ho = 2N,0,Bio"' + 

Nitric Biamnthoua 
acid. nitrate. 

METABISMUTHIC ACID. 
BiO,Ho. 


30H, 

Water. 


+ 0, 



Preparation, — Obtained as a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 



40KH + 2C1, + Bl,03 « 


2BiO,Ho + 4KC1 + OH,. 




Metabiamuthie Fotaaaio Water. 


hydrate. oxide. 


add. chloride. 
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Reaction, — ^Dissolves in hot solution of potassic hydrate. By 
the addition of an acid to the liquid, a salt, said to have the 
composition 

Bi,0,HoKo, 
is precipitated. 



C0MP0Uin)8 OF BISMUTH WITH 8ULFHUB, 

Dibismuthous disulphide 'W'^S",,. 

Bismuthous sulphide Bi^S",. 



DIBISMUTHOUS DISULPHIDE. 

/ ^*S" or 'Bi" S" 
Molecular weight =480. 8p, gr, 73. 

Freparation. — By fusing bismuth and sulphur together in 
the proper proportions. 

BISITUTHOUS SULPHIDE. 

Molecular weight =512. ^. gr. 64. 

Oecurr^enci^.—A^ the rare mineral hismidli glance. 

Freparation,—\. By fuain^ aulphur and bismuth in the 
proper proportioDS. 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen ; — 

2Bie4 + 3SH, = Bi,S", + 6HCI 

BiHintithDUfl Balfnhn.r^.tt.'d Biflniutiioiifl HjdroaliloHa 

chjofjdtfi, hydrogen. fliil|>hide, aoid. 
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JReacHon, — ^This compound is not dissolvedby alkaline hydrates 
or sulphhydrates. 

A few sulphobismuthites are found in nature : — 

Kobellite. Sulphoplumbic gulphohismuthite Bi^Phs",. 
Needle ore. Disulphoplumhico-cuprous 1 -*, t», „ ,^ , ca \ / 
sulphohimutMte j Bi^Pbs ,(Cu,S,) . 



BISiniTHOUS DirELLUBO-SULFHIDK 

. Bi,Te",S". 
p. gr, 7-5 to 7-8. 
Occurrence. — In nature, as telluric hUmuth or tetradymite. 



CHAPTER XVII. 

MONAD BLBMENTS. 

Section HI. 
POTASSIUM, K,. 

Atomic weight =39. Probable molecular weight =78. Sp, gr. 
0*865. Buses at 55°. Boils at a low red heat. Atomicity \ 
Evidence of atomicity I — 

Potassic chloride KCl. 

Potassic iodide KI. 

Potassic hydrate KHo. 

Potassic sulphide SK^. 

Occurrence. — ^In rocks in the form of silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 

H 
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In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. 

Preparation, — 1. By the action of a powerM voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negative pole : — 

20KH = K, + H, + 6^. 

Potaado 

2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat : — 
40KH + are = *^(Pe,)^0, + 2E; + 2H,. 

Potaseio Magnetic iron 

hydnto. oxide. 

8. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 

First operation : — 
'COKo 

^jcHHo == ^^^""^ + ^°^« + ^^ + ^^• 
^COHo 

Hjdrio Potaseio Water. Carbonio 

potaaaio carbonate. oxide, 

tartrate. 

Second operation : — 
COKo, + 2C = SCO + Ka- 

Potassic Carbonic 

carbonate. oxide. 

Meactions, — 1. Potassium decomposes water at the common 
temperature with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen : — 
K^ + 20H^ ^ 2KHo -f- H,. 

Water. Potassic 

hydrate. 

2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of the latter is decomposed : — 

2K, + SCO, = 2COKo, + C. 

Carbonic Potassic ' 

anhydride. carbonate. 
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COMPOUNDS OF POTASSIUM WITH CHLOBINE, 
BROMINE, IODINE, ANT) FLUORINE. 

Potassic chloride KCl. 

Potassic bromide ., KBr. 

Potassic iodide KL 

Potassic fluoride KF. 

Pofassie iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating the iron by potassic carbonate : — 

Fe + I, = Pel,; 

Ferrous 
iodide. 

Pel, + COKo, = 2KI + COFeo". 

Ferroua Potaado Potaesio Ferrous 

iodide. carbonate. iodide. carbonate. 



COMPOUND OF POTASSIUM WITH HTDROXYL. 

POTASSIC HTDBATE, Caustic Potash, Potash. 
KHo, orOEJa. 
Preparation. — 1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate : — 

COKo, -f- CaHo, = 2KHo + COCao". 

Potassic Calmo Potassic Calcio 

carbonate. hydrate. hydnriie. carbonate. 

2. By the action of potassium upon water (see p. 146). 
Reactions. — ^By contact with acids potassic hydrate produces 
potassium salts : — 

KHo + HCl = KCl + OH,: 

Potassic Hydrochloric Potassic Water, 

hydrate. acid. chloride. 

KHo + SO,Ho, = SO,HoKo + OH,: 

Potassic Bnlphorio Hydrio potassic Water, 

hydrate. add. sulphate. 

2KHo + SO,Ho, B SO,Ko, + 20H,. 

Potassic Solphoric Potassic Water, 

hydrate. add. solphate. 

.h2 
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rOTASSIC OXIDE. 



COMPOUJWS OF POTASSIUM WITH OXYGEN: 
Potassie oxide OK,. 0-©-{5) 

OK* (i)"®"®"® 



Potassic tetroxide 



OK 



• 

OK 



POTASSIC OXIDE. 

OK,. 

Preparation, — 1. By heating potassic hydrate with potas- 
sium: — 

2KHo + K, = 20K:, + H,. 

Fotassio Fotasfdo 

bydnte.. oxide. 

2. By fusing together, in a current of nitrogen, potassic 
peroxide and potassium : — 

K,0, + 3K, = 40K,. 

Potaasio Fotasaio 

peroxide. oxide. 



POTASSIC DIOXIDK 

Preparation, — Obtained by the action of water on potassic 
peroxide. 
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POTASSIC TETROXIDE, Fotassic Fercmde. 
Preparation, — By fusing potassium in a current of oxygen. 

COMPOUND OF POTASSIUM WITH HYDROSULPHYL, 

POTASSIC SULPHHTDBATE. 
KHs. 
Preparation, — ^By saturating potassic hydrate with sulphu- 
retted hydrogen : — 

KHo + SH, = KHs + OH,. 

Potassio Snlphiiretted Potassio Water, 

hydrate. hydrogen. eolphhydn^e. 



COMPOUNDS OF POTASSIUM WITH SULPHUR. 
The following have been obtained : — 

Dipotassic sulphide SK,. (5)""(^}~® 

Dipotassic disulphide ... K^S,. ©-©-(i)"® 

Bipotassic trisulphide . . . £383. ©-©-©-(s)-© 
Dipotassictetrasulphide. K^S^. (£)_^s)_0--Q_^sV_Q 

Dipotassic ] 
heptasul. ► ... KA? (5HDH©-(!>H3h3H^^ 
phide .... 

DIPOTASSIC SULPHIDE. 

SK,. 

Preparation, — 1. By the action of potassic hydrate on potassic 
sulphhydrate : — 

KHo + KHs = SK, + OH,. 

Potassic Potassio Dipotasaio Water, 

hydrate. sulphhydrate. siuphide. 
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LITER OF SULPHUR. 



2. By igniting potftssic sulphate with hydrogen or carbon: — 
SO,Ko, + 4H^ = SK, + 40H,. 

PotMMO DipotMuo Waler. 

■olpbaie. fulphide. 

BeacHom of dipotassie sulphide and the higher pofassie sul- 
phides : — 1. By heating dipotassie sulphide with the necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassie sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 
KHs + HCl » KCl Stt,. 

PotMsio HjdrodilOTio PotMsio 8iil[Aiiretted 

lalphhTdrafee. said. ohlorid*. hydrogen. 

SK, + 2HC1 = 2KC1 + SH,. 

DipotMflio Hydroohlimo Potaado Snlpbnretled 

■alphide. add. chloride. hydrogen. 

8. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur: — 

K^S, + 2HC1 = 2KC1 + SH, + S,. 



Dipotossio 
truncdphide. 



Hydrochlorio 
Aoid. 



Potasmc 
diloride. 



Sulphuretted 
hydrogen. 



4. A mixture of the higher potassic sulphides and potassic 
hyposulphite, known under the name of hepar sulphuris or liver 
of sulphur, may be prepared by heating potassic carbonate with 
sulphur : — 

aCOKo, + 4S, = 2KA + SS"OKo, + 3C0,; 

PotMsio DipotaBsic Potassio Carbonic 

carbonate. triaulphide. hyposulphite. anhydride. 

8COKo, + 68, = 2K;,S, + SS"OKo, + 300,. 

Potaasic Dipotassie Potassic Carbonio 

carbonate. pentasulphide. hyposulphite. anhydride. 

5. The last mixture, when acted upon by acids, suffers suc- 
cessively the following decompositions : — 



Potassic 
ddoride. 



then 



2KA + SS"OKo, + 6HC1 = 6KC1 

Potassic Hydrochlorio 

hyposulphite. add. 

SS"OHo, + 2SH, + 4S,; 

Qyporalphurons 
add. 



Dipotasdo 
pentasulphide. 



Sulphuretted 
hydrogen. 



SS"OHo, 



Hyposulphurous Sulphi 
acid. anhyc 



= so, 

Boll 



+ 8 + 



Luroua 
lydride. 



OH.. 

Water. 
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POTASSIC CASBONATE. 

COKo,. 

Preparation. — 1. By lixiviating the ashes of land-plants. 
2. By burning hydnc potassic tartrate in a current of air. 



SODIUM, Na,, 

Atomic weight =23. Prohahle molecular weight =46. Sp.gr. 
0*97. Fuses at 90^. Boils at a red heat. Atomicity '. 
JEkndence of atomicity : — 

Sodic chloride NaCl. 

Sodic hydrate ONaH. 

Sodic oxide ; ONa,. 

Occurrence. — ^In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 

Preparation, — 1. By electrolyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Manufacture. — By distilling in an iron retort a mixture of 
sodic carbonate and charcoal : — 

CONao, + 2C = Na^ + SCO. 

Sodio Oarbonio 

oarbonate. oxide. 

BeactUms. — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 



SODIC CABBONATE. 
CONao,. 

Manwfactwre, — 1. Formerly by the liiiviation of the ashes 
of marine plants. 
2. By Leblanc's process, which consists in first transforming 
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LlTHrtTM. 



SO.HO, 


= 2HC1 + 


SO^^ao,, 






Bodit; 


ma± 


kdd. 


Bolphfite. 



sodfc chloride into eodie sulphate by the action of sulphuric 
acid: — 

2NaCl + 

flodw? 
cbloride- 

The sodie sulphate (technically termed salt ca^e) is nej:t 
beated with calcic carbonate and am all coal. The carbon re- 
duces the sodic sulphate to sulphide^ and the calcic carbonate 
transformB the sodic anlphide into sodic carbonate, insoluble 
calcic osy sulphide being simultaneously produced : — 

+ 20c = 5SXs, + 



5SO,Nao, 

Bodic 
Bniphiite. 

5SNa, + 7COCao" = 



Bodic 
■alphidt^. 



CbIcic 
orbuiute. 



= 5SXs, 

Bodio 
Adpltidf, 

SCOlSTao, 

Bodio 



20CO; 

Carbonio 



6CaS',2CaO 



+ 2C0,. 



Carb<iqi4 
uibjdride. 



The sodic carbon ate, commonly called soda ash, is obtained 
by the extraction of the resulting mass with water. 



Lrrannc, Li^. 

Atomic weight =7, Probable moJecular weight =14. Sp. ^r. 
=0"59. Fu9€s at 180°. Atomicity '. Uvidence of ato* 
midty : — 

Lithic chloride LiCl. 

Lithic hydrate (Lithia) , . . . OLilT. 

Occurrence. — In nature, in the minerals petaliU, spodument^ 
lepidoUte, and triphylUne, and in small quantitieg in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium and 
sodium ; and the compounds of the three metals aiso exhibit 
considerable similarity. 



THALLIUM. 158 

CJSSIUM and BUBIDinM. 

The compounds of the two metals csBsium (Cs=133) and 
rubidium (Eb=85'5), which have been recently discovered, 
closelj resemble those of potassium and sodium. 



SBOTioir IV. 
THALLIUM, Tl,. 

Atomic weight =204. Probable molecular weight =408. 8p. 
gr. 11-81 to 11-91. Fiises at 561°. Atomicity ' and perhaps '". 
Evidence of atomicity : — 

ThaUic chloride :... TlCl. 

ThaUic oxide OTl,. 

ThaUic perchloride T1'"C1,? 

Occtirrence. — In small quantities in certain varieties of py- 
rites, and in minute quantities in some mineral springs. 

Preparation, — By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the 
thallium by hydrochloric acid. The chloride is converted into 
sulphate by the action of sulphuric acid ; and when purified, a 
solution of the sulphate is decomposed by metallic zinc, which 
precipitates the metallic thallium. 

The following list contains the principal compounds of this 
metal : — 

ThaUic chloride TlCl. 

ThaUic perchloride TICI3? 

ThaUic oxide OTl^. 

fOTl 

ThaUic peroxide ^ O ? 

[OTl 

Thallic sulphide.... STl,. 

ThaUic nitrate NO^Tlo. 

ThaUic sulphate..... SO.Tlo,. 

ThaUic carbonate COTlOj,. 

h5 
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Two other componnds of thallium with chloiine have also 
been doBcribed, but they have not yet been completely inyesti- 
gated. 

SnVEBi Ag,. 
Atomic weight =108. Probable molecular weight =216. S^. 
gr. 10-4743. Fuses at about 1000°. Atomicity '. JSvi- 
dence of atomicity : — 

Argentic chloride AgCL 

Argentic iodide Agl. 

Argentic oxide OAg,. 

Occurrence. — ^In nature in the free state, and as sulphide 
in silver glance \ as sulphantimonite in dark-red silver-ore 
(see p. 137), as chloride in horn-silver , as a compound of bro- 
mide and chloride (2AgBr, 3AgCl) in embolite, and also as 
carbonate. 

Extraction. — 1. The silver minerals are roasted with sodio 
chloride, by which the metal is converted into chloride ; the 
mass is then mixed with water, scri^ iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo« 
Tide to the metallic state, and the silver is then dissolved by 
^he mercury. 

2. By crystallizing argentiferous lead. Nearly pure lead is 
Ifirst deposited, and the residue rich in silver is then cupelled. . 

Beactions. — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid : — 

Ag, + 2SO,Ho, = SO^Ago, + 20H, + SO,. 

Svlphnrio Argentio Water. Snlphnroos 

aoid. ■olphate. anhydride. 

2. Nitric acid readily dissolves silver : — 
•8Ag, + 8NO,Ho = 6NO,Ago + 40H, -f W^O,. 

If itric . . Argentio Water. Nitric 

aoid. ni&ate. odde. 

4. At a red heat silver decomposes hydrochloric acid : — 
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Ag, + 2HC1 = H, -f 2Aga. 

Hydrochlorio Aiventie 

MuL oiiKMide. 

There are tliree compounds of sflver with oxygen : — 

Argentous oxide 0-^g»4- 

Argentic oxide OAg^. 

Argentic peroxide 1 OAe 

Argentous oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citratefin cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic nitrate 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, AgHo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 



CHAPTER XVIII. 



DYAD BLEMBIirTS. 

Sectioit n. 
BABIUM, Ba. 
Atomic weight s=137. Probable molecular weight sb137. Sp. 
gr. between 4*0 a/nd 5'0. Fuses below a red heat Atomicity ". 
EMence of atomicity :—- 

Baric chloride Ba"Cly 

Baric hydrate Ba"Ho,. 

Baric oxide Ba"0. 
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BARYTA. 



Occurrenee. — In nature in the form of sulphate in the 
mineral heamf spar, and as carbonate (COBao") in mtherite, 

Freparatian, — 1. By electrolyzing moistened baric hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, ifrom which 
the mercury is removed by distillation. 

2. By passing the vi^)our of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

8. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Beaction, — Barium decomposes water at the common tem- 
perature : — 



Ba + 20H, 

Water. 



H, + BaHo,. 

Bario 
hydrate. 



* COMPOUNDS OF BARIUM WITH OXYGEN. 
Baric orid^ BaO. ®=© 



Baric peroxide 




BABTTA, Baric Oxide. 

BaO. 

TrepwraiUon* — 1. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible : — • 
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COBao" + 2NO,Ho = -^ Bao* + OH, + CO,; 

I NO, 

Baric Nitric add. Baric Water. Carbonic 

carbonate*. nitrate f. anhydride. 

2 \ Bao'' = 2BaO + 21^' O. + 0,. 
I NO, 

Baric Baric Kitric 

nitrate. oxide. peroxide. 

2. The nitrate may be obtained from native baric sulphate 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide — 



SO,Bao" 


+ 


c. 


^ BaS" 


+ 


4C0; 


Baric 
•nlpliate 1- 






Baric 
sulphide. 




Ourbonic 
oxide. 



the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

BeacUon, — In contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate : — 

BaO + OH, = BaHo,. 

Baric Water. Baric 

oxide. hydrate. 




© 
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BABIC PESOZIDE. 



'8} 



Preparation, — 1. By passing oxygen over baric oxide or baric 
hydrate heated to dull redness : — 

2BaO + O, « 2Bag|. 

Bario Bario 

aride. perocdde. 

2BaHo, + O, = 2Bag} + 20H,. 

Bario Bario Water, 

hydnte. peroxide. 

2. By heating baric oxide to redness in a crucible and gra-. 
duaUy adding potassic chlorate : — 

8BaO + aO,Ko == KCl + SBagj. 

Bario Potasflio Potasaio Bario 

oxide. chlorate. ohloride. peroxide. 

BeacHoM. — 1. By the action of heat it splits into baric 
oxide and oxygen : — 

2Bag| « 2BaO + O,. 

Bario Bario 

peroxide^ oxide. 

2. By treatment with steam at the same temperature at 
which the peroxide was previously formed, it produces baric 
hydrate and oxygen : — 

2Bag| + 20H, « 2BaHo, + O,. 

Bario Water. Baric 

peroxide. hydrate. 

8. By the action of acids upon baric peroxide, hydroxyl is 
formed (p. 44). 
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COMPOUND OF BABIUM WITH HYDBOXYL. 

BABIC HTDRATE, Ccmsiic Bartfta. 
BaHo,. 

Preparation. — 1. By the action of water on baric oxide 
(p. 157). 

2. By boiling in water, with cupric oxide, the mass con- 
taining baric sulphide, prepared by reducing baric sulphate 
with carbon : — 

BaS" + CnO + OH, = BaHo, + CnS". 

Bario Cnprio Water. Bario Cnprio 

■alphide. oxide. hjdrate. lalphide. 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 



DIHTDEIC BABIC DISTJLPHATE. 




rso^Ho 

Bao" . 
SO,Ho 



This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when the salt crystallizes on cooling. 



STBOimUK, Sr. 
Jtomie weight as 87*6. Probable molecular weight ssST'S. 
8p,gr, 2*5. Fuses at a higher temperatv/re than barium. 
Atomicity". Evidence of atomicity \ — 

Strontic chloride Bt"C[^. 

Strontic hydrate Sr"Ho,. 

Strontic oxide ,. ^.., Sr"0. 
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Occurrence, — In the form of carbonate as the mineral stron- 
tianite, and as sulphate in celestine. 

Preparation, — 1. By the same methods as those employed 
in the preparation of barium. 

2. By electrolyzing fused strontic chloride. 

Character, — ^The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The strontic peroxide can only be prepared by adding hy- 
droxyl to a solution of strontic hydrate : — 



SrHo, 


+ Ho, = Sr^ 


+ 


20H,. 


Strontto 
hjdnte. 


Hjdroxyl. Strontic 
peroxide. 




Water. 



Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 



CALCIUH, Ca. 

Atomic toeiffJit ^4/d. Prohahle molecular weight ^4f), 8p,gr, 
1*6. Atomicity ", Evidence of atomicity : — 

Calcic chloride Ca"Cl,. 

Calcic hydrate Ca"HOa.' 

Calcic oxide. Ca"0. 

• Occurrence, — ^In nature as carbonate in the numerous calc 
tpars, chalk, marble, &c. ; as tetrahydric calcic sulphate 
(SHo^Cao") in gypsum, alabaster, selenite, &c. ; as phosphate 
in apatite aai phosphorite (see p. 119); as fluoride in the^^uor 
spars (see p. 96), and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation, — 1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together sodium, zinc, and calcic chloride, 
and subsequently heating the alloy of calcium and zinc so 
obtained, to a yery high tetnperature in a crucible of gas-car- 
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bon, when the zinc volatilizes, leaving the calcium, which con- 
tains, however, a small quantity of iron. 

Character. — The compounds of calcium resemble those of 
barium and strontium. 

Calcic oxide or quicJclvme (CaO) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled from the chalk or lime- 
stone, leaving calcic oxide. 

Calcic hydrate or slaked lime (CaHOj,) is formed by the action 
of water upon calcic oxide ; it is much less soluble in water 
than the baric and strontic hydrates. 

Calcic peroxide ( Ceq f ) is prepared like the corresponding 

strontium compound. 

By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or hleaching-powder is formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite, but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formulas : — 

Ca(OCl)Cl. 0-0-0-<5) 

The corresponding baric and strontic chloro-hypochlorites 

Ba^f" and Sr^, , are known. 

Barium, strontium, and calcium all form soluble dihydric 
dicarbonates : — 




They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates. 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated : — 

rCOHo 

^Cao" = COCao" + OH, + CO,. 

ICOHo 

Dihydric caloio Calcic Water. Carbonic 

dicarbonate. carbonate. anhydride. 
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ICAaHESIUlI, Mg. 

Atomic weight as24. Probable molecular weight =24. 8p,gr. 
1*75. Fuses at a red heat. Volatilizes at a bright-red heat. 
Atomicity '\ Evidence of atomicity : — 

Magnesic chloride Mg"Clj. 

Magnesic oxide Mg"0. 

Magnesic hydrate Mg^Ho,. 

Occurrence, — In nature in dolomite, the calcic magnesic di- 
carbonate, 




g3cao"Mgo" 

in hrucite or magnesic hydrate, MgHo,, and in many minerals 
containing silicon. 

Preparation. — 1. By electrolyzing fused magnesic chloride. 

2. By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and sodium. 

Reactions, — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily bums when heated te redness in the air. 

Character, — Magnesiimi only forms one compound with oxy- 
gen, MgO, fnagnesia. It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 

Magnesic hydrtxte (BIgHOa) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate ; — 

SO,Mgo" -f 20KH = SO,Ko, + MgHo,- 

Magnedo Fotaacdo Fotawdc Maffnesio 

Bolphate. hydrate. sulphate. hycbate. 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo^Mgo", 60Ha) is pre* 
pared by treating dolomite, the magnesic calcic dicarbonate, with 
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sulphuric acid, filtering from tbe nearly insoluble calcic sul- 
phate, and crystallizing : — 

QQCao"Mgo" + 2SO,Ho, = SOHo.Cao" + SOHo,Mgo" 

Dolomite, oalde Snlphiirio Dihjdric oaloio Dihydric magneao 

magneaio dioarbonate. mad. sulphate. sulphate. 

+ 2C0. 

Carbonic 
anhydride. 

Magnesic sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesic sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance. 



SO,Ko^g^ • 

Pipotessio magnesio 
disnlphate. 




Many magnesic phosphates are known. 
Diammonic dimagnesic diphosphate, 



POAmoT^^ I, 
POAmo^g^ ^ 



occurs in the seeds of some of the cereals, and sometimes in 
urine, and in the form of calculi: it is found in nature as 
guanite and strwoite, 

Magnesic carbonate (COMgo") is found in nature as mag^ 
nente. 
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ICAOHESIA ALBAi TeirahyAric tetramagnenc tricarhonate. 



fCHo 
C.Mgo",Ho^ OP V C , 
lOHo, 




/© 



This compound is formed by boiling a solution of magnesic 
sulphate with sodic carbonate (Berzelius) : — 

4SO,Mgo" + 4CO]Srao, + 20H, =. C3Mgo",Ho, 

Magneaio snlpliate. Bodio carbonate. Water. Magnesia alba. 

+ 4SO,Nao, + CO,. 

Sodic sulphate. Carbonic 

anhydride. 



ZINC, Zn. 

Atomic weight =65. Molecular weight =65. Molecular and 
atomic volume I I 1 . 1 litre of zinc vapour weighs 32'5 
criths, 8p, yr. 6'8 to 7-2. Fuses at 500°. Distils at a 
red heat. Atomicity ", Evidence of atomicity : — 

Zincic chloride Zn'^Cl^. 

Zincic oxide Zn"0. 

Zincic hydrate Zn^HOj,. 

Occurrence, — ^In nature as oxide (ZnO) in red zinc, as 
sulphide (ZnS") in the mineral zinc blende, carbonate (COZno") 
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in ealamine, and as silicate in electric calamine, williamite, 
or zinc glasi. 

Mmtvfactwre, — Zinc blende or calamine is roasted in a 
current of air, whereby it is converted into zincic oxide : — 



COZno" = ZnO 


+ CO,. 


nate (calamine). oxide. 


Carbonic 
anhydride. 



2ZnS" + 30, = 2ZnO + 2S0,. 

inoio snlphide 
(Zinc blende). 



Zinoio snlphide Zindo oxide. Snlphnrona 

"" " ' " anhydride. 



The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over : — 

ZnO + C = Zn + CO. 

Zindo Carbonic 

oxide. oxide. 

Beactions. — 1. It slowly decomposes aqueous vapour at 100°: — 
OH, + Zn = ZnO -|- H,. 

Water. Zindc oxide. 

2. Zinc is attacked by almost every acid at the common 
temperature. 

3. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a mixed oxide formed : — 

20KH -I- Zn = ZnKo, + H,. 

Fotaseio Dipotaanc 

hydrate. sinoio oxide. 



COMPOUND OF ZINC WITH OXYGEN 

ZINCIC OXIDE. 
ZnO. 

Preparation, — 1. Zincic oxide is obtained by burning zinc in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 
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OTHEB COIDPOUHDS OF ZINC. 

Zineie hydrate (ZnHo,) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 
SO,Zno" -I- 20KH « ZnHo, + SO,Ko,. 

Zindo ralplutte. Potonio Zindo * Fotaado 

^ydnte. hydrate. inlphate. 

The precipitate is dissolved by excess of potassic hydrate. 

OrystallUted zineie sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seyen molecules of water, six of 
which are easily expelled at a moderate heat, the last only being 
driven off at a somewhat high temperature. It also resembles 
magnesic sulphate in forming double salts wit^ potassic and 
ammonic sulphates : — 

Zineie sulphate (crystallized) SOHo.^Zno", 60H,. 

fSO,Ko 
Dipotassic zineie disulphate (crystallized) \ Zno" , 60H». 

lsO,Ko 

Zineie earhanaie (COZno") occurs in nature as calamine. 
The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of a salt of zinc has a variable constitution. 
The reaction usually takes place thus :— 

fCHo(OZn"Ho), 
5SO,Zno" + 5CONao, + 80H, = \ Zno" 

[CHo(OZn"Ho), 

Zindc Bolplutte. Sodie ottbonate. Water. Dihydno pentazinde 

dicarbonate tetrahjdrate *. 

+ 5SO,Nao, + SCO,. 

Sodio enlphate. Carbonic anhydride. 
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CHAPTER XIX. 

DYAD ELBMBKT8. 

Seotiok IV. 
CADlOini, Gd. 

Jiomic weight ssll2. Molecular weight b«112. Molecular 
and atomic volume I 1 L 1 litre of cadmium vapour weighs 
56criths, Sp.gr, S'7. Fuses below 26ff'. Easily volatile. 
Jiomicity ", Evidence of atomicity : — 

Cadmic chloride Cd"Cly 

Cadmic oxide Od"0. 

Occurrence, — ^In nature in small quantities, associated with 
zinc ; and in the form of sulphide as greenockite. 

Preparation. — By distilling fractionally the more volatile part 
of the metal obtained in the manufacture of zinc, and then 
dissolving this more volatile product (which consists of 
zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper with 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
ammonic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbonate is 
then ignited, and the resulting oxide reduced by charcoal. 

Cadmic oxide (CdO) is prepared by heating the hydrate, 
carbonate, or nitrate. 

Cadmic hydrate (CdHo^) is obtained by precipitating a solu- 
tion of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (S02Cdo",40H3) is obtained by dissolving 
cadmic oxide or carbonate in sulphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydrate SO,(OCd"Ho)2 




168 



COMPOUNDS OF MBBCUBT. 



HEBCTJET, Hg. 
Aiomie weight =200. Molecular weight =200. Molecular 
and atomic volume m . 1 Hire qf mercury vapour weighs 
100 criths. %^. 13-69. Fuses at --4^'. Boils at SOOP. 
Atomicity '\ also a pseudo-monad. 
The following list contains the principal compounds of this 
metal : — 

Mercuric chloride ... HgClj. 

Mercupous oxide 'Hg'^O, or ] SjO. Y0 

@/ 

Mercuric oxide HgO. 

Mercurous sulphide. . 'Hf;'jjS",or | Hg® ' 

Mercuric sulphide 1 

(vermilion, cinna- V HgS". 
Jar) J 

Mercurous sulphate, . SOjHgjO". 



Mercuric sulphate ... SOjHgo". 



Trimercuric sulphate 1 SHffo" 
{Turpeth mineral). J 
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Tetrabydric mercupous dinitrate... N^O^Ho^IIgjO". 

(h) (h) 




[..OJ f OJ 

fNOHg.o" 
Dimercurous dimtrate . . . ^ 

lNOHg,o" 

Hexabydric trimercu-l jg p.Ho.Hg.o",. 
roustetranitrate ... J * * e 62 s 

Mercupous dimercuric 1 ,!» ^k Tr« «"tt«.^" 
dinitnrte .} »AHg,o Hgo , 

Tetrabydric mercuric 1 NQHoHeo" 
dinitrate J » » « 6 • 

Tetrabydric dimercu-l woHo.Hgo",. 
ric dimtrate J 

Dihydric trimercuricj woHo^Hgo", 
dinitrate J 

Trimercuric carbonate... CHgo"(Hg",0,)". @ 

Tetramercuric carbonate. CIIgo"(Hg"30^)". 

^(^ 0-@-(o) 

Mercuposodiammonic 1 NHgClHgl 
dicblopide J NH,ClHg/ • 

I 
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Mercurosomerciirodi- 
ammonic dicLloride. 



} N,Hg"H;Hg',Cl,. 



Mercuraramonic chlo-i 
ride. (White preci'\ NH,Hg"Cl. 
pitate,) 



Trimercuric diamide ... N^Hg'g 




COPPER, Cu. 

Atomic weight ^^Z'6, Trohable molecular weight =63' 5. Sp.gr. 
8*8. Fuses at about 780°. Atomicity "; also a pseudo-monad. 

The following are tlie principal compounds of this metal . — 

Cuprous hydride jci^* ©-(SHSH!s) 

Cuprous chloride 'C<Ci, or |^S. ©-0"©-© 

Cupric chloride CuCL,, 20Hj,. («>-©-© 

fCuHo 

Cuprous hydrate, 4'Ou',0,OHj„ or 1 Cu^ 

iCuHo 

[ Oj — fCu) — fCul — ( O )-~(Ca) — f Cu) — {Xl^ — TCu) — (cuj — ^0 ) — (Cn) — Tcu) Co) 

m (Hi 
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Cupric hydrate CnHoa. (5)--(o)-^«)--(o)-<h) 




:© 



Cuprous quadrantoxide. -j n^"^' 

Cuprous oxide. (Bed^ /^\ 

copper ore, or rubtf I 'Ou'^^O or | q^O. I/© 
ore.) J ^ ©^ 

Cupric oxide CuO. ©=® 

Cuprous 8ulphide.| 'Cu'^g-. ^r | ?»S". 
(Copper glance,) ... j Id 

I 



Cupric sulphide. (i»- 

c^t^o copper or i^tftfl- CtiS". 
copper.') 



rOuHo 
S" 
Cu" 
S" 
Cu" 

Cupric sulpho-hydrate. . 5CuS", CnHo,, or ^ 8" 

Cu" 
S" 
Cu" 
S" 
CuHo 




Cupric nitrate So'^^°"' *^^ *"" NHo*^°°"- 

Dihydriccupric sulphate SOHo,Cuo", 40Hj. 
'^t;^'^"":} SOH,(OCu-Ho,.. 



i2 
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DiL jdric tetracupric ^ 

sulphate tetrahy- I SH:o,(OCu"Ho)^. 
drate. (Broehantite,) J 

© (p 
© ^ 

©H^-©-©K!Ho)-©-©-© 

© 
© 

Hydric pentacuprici 

sulphate pentahy. V SHo(OCu"Ho)„20H,. 

drate J 

Ammoniocupric sul- ^ 

phate. iIHhydric[ SHo^moJS:5»Cu"0,T 
dtammontc cuprodu i L-'"^ -t!, J 

ammonic sulphate.) J 

Dipotassic cupric disul- J ^ ^, 
Pba^ lSO.,Ko' 

Co) M)J 

^ kW 0)— ( s V-{o Wcu)— (o>- (s>--( oW k) 

Dicupric carbonate. 1 qquq " 
(Mi/8orin,) J 

Dicupric carbonate di- 1 CO f OCu"Ho) 
hydrate. (Malachite,) J 
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Dihydric tricupric dicar- ^ 
honsite.(Bluemalachite, I Iq^^P^^" 
azurite, mountainrhltte \ j CHoCuo"* 
or copper-azu/re,) J 




Cuprodiammonic carbo-Y 

nate. (Ammoniocupric I CO f^yH* Cu"Oal ". 
carbonate,) J La 

© © 

(cu) (ctzToj 

(N) 
© © 

Hydric cupric silicate 1 SiOHo(OCu"Ho). 
hydrate. (Dioptase.) J 



?> 



©-©-©-0-(«KoHE) 
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CHAPTER XX. 

TBIAD BLBMBNT8. 

Seotiok II. 

GOLD, Au^. 

Atomic weight =196'7. Frdbable molecular weight =393*4. Sp. 
gr, 19-3 to 19-6. Fuses at about 1100°-1200°. Atomi- * 
city ' and '". 

The following are the names and formube of the chief com- 
pounds of gold : — 

Aurous chloride AaCl. @~{2)' 

Auric chloride AuCl,. @ 

Aurous iodide Aol. 

Auric iodide Aal,. 

Aurous oxide Au^O. ©-0^ 



Auric oxide. {Auric anhy- 
dride.) 



fAuO 



Potassic aurate AuOKo,30H,. 0=(5>-{o)-(k) 

Aurous sulphide Au^S". 

fAuS" 

Auric sulphide -< S" 

AuS" 
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CHAPTER XXI. 

TETBAD ELEMENTS. 

Section II. 

ALUMINIUM, Al. 

Atomic weight =27*5. Molecular weight unknown. Specific 
gravity 2*6. Fttsea at ahout 450°. Atomicity^"', hut is 
always a pseudo-triad. Evidence of atomicity. — Analogy 
with iron and chromium. 

Annexed are the names and formulsd of the most important 
compounds of this metal : — 



Aluminic chloride . . . 'Al'",Cle or | ^^J'. 




Aluminic oxide Al,0.or{^go. 0:=(^-0=0 

Aluminic hydrate. 




ummic hydrate, i r AlHo, 

{GiUsite.) I ^^^^^^^lAlHo; 
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Aluminic oxydi- ^ 







Aluminic sulphide . . . Al^S", or | ^"s\ 

{AlOTTo 
AlOTC • 

Aluminic sulphate . . . S,0,('A1"',0 JVSOH^ or 

SO,-, 

S0,-('Al'"A)",18OH^ 
SO,— J 

Aluminic sulphate i 
tetrahydrate. I S0,('Al"',0,HoJ",7OH,. 
(Ahiminite.) ... J 

Allophane SiHo,('Al"',Ho,0,)", (2 or 4)OH,. 

Prehnite Si,Ho,Cao;'('Al"',0,)'«. 



Zoisite Si. 



/ f'Al"',OA - 



Spodumene Si„Oi,Lio,('Al"',0,)^,. 

Petalite Si^O„Nao,Lio.('Al"',0,)'^,. 



oJ-^'-^"^ 3 



Jbiou»j)0^ 177. 
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SOHoKow, 



Alunite, alum-l SOHo, ^'Afl'^S'^^^i' 



CoUyrite. Kg. 2.... SiHo,('Al"'^o,0)^40H,. 

Dipotaasic alumi- 
nic tetrasul- 
phate. (^Common 



ahim.) Eig. 3. 



SO,Ko 
SO, 



io' ('A1"'A)^240H, 

SO^o— I 



worthite. Kg.4.... |ofii;;;;g°g;):. 

MUo8chine. Fig. 5. SiHo,('Al"',Ho,OJ". 

Porcelain day of\ SiHoj^, . ,,„ tt ^k mt 
Passau. Fig. 6. J SiHo^'^^ ^^"A^ 

Cimolite, kaolin of] f^n**'"! 
EUenbogen. [ SiO— ('^^'"'O')'^- 
Kg. 7 -• SiHo,— ' 

SiOHo— , 
AgalmatoKte. Fig. 8. ||g ('A1"',0,)''. 
SiOHo— J 

Buchholzite, xeno- 1 ^!('A1"' )*• 
Hte. Kg. 9. ...I |J('A1"'^0>. 

Porcelainclay. j|^°^-..^oA)". 



Andalusite, chias- ' 
tolite, cyanite, 
£brolite, siUima- 
nite. Eig.ll. 



SiOCAl"',OJ". 
Wemerite. Fig. 12. Si,Cao"('Al"',Oe)^. 



i5 
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Saponite. Fig. 13. a,Mgo".Ho„('Al"',0,)". 
LepidoUte. Fig. 14. Si,O.Ko,LioX'Al"',0,)",('Ar",F.O,)". 
: SiHo,Nao 



I SiHo,Nao 
5. ||('A1"',0.)»«. 



Analcirae. Fig. 15. 

lSiHo,Nao 

Fig. 16 } 115:^^ '^•^•, 

JIalthacite. Fig. 17. Si,0,.Ho,('Al"',0,)". 

SiONao— , 

SiO 



Albite. Fig. 18. ... f |}oII('Ai"',0.)'^. 

IsiO 1 

SiONao-J 



CHAPTER XXTI. 

TETRAD BLBMBNTS. 

Sectiok III. 

PLATnnrK, Pt. 

Atomic weight =197'4. Molecular weight wihnovm. Sp.gr. 
21-5. Atomicity " and ''. 
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The following compounds will serve to illustrate the ato- 
micity and general character of this metal : — 

Platinous chloride... PtCL,. ©-©-© 

Platinic chloride ... PtCl^. 0-(ptWci) 

(ci) 

Platinous oxide PtO. 

Platinic oxide PtO,. ©=©=© 

Platinous hydrate ... PtHoa- 

(o) 
Platinic hydrate PtHo^. 0-0-(ptWoWHi 

fin 

Platinosodiammo- ^ (cT) (ci) 

nic dichloride.1 j^^^ <SOk_^^_X/© 

(Gh-een salt oft |Sh.C1' (a/^C^^^P^ 

Magnut.) J ' ® ® 

"White compound of f NH:,(N'HJC1 

Eeiaet :....\^i" 

InH.(N'H.)C1 

® ® ® ® 
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LEAD. 



Platoso-diammon di- fNH2(N^HJHo 
ammonium dihy- i Pt" 
drate InH,(N'H,)Ho 



Diplatosammonic ox- J 5j> »7l 
^^^ [NH,-^ 

Platinous sulphide . . . PtS". 
Platinic sulphide ... PtS'V 




CHAPTER XXIII. 

TETRAD ELEMENTS. 

Section IV. 
LEAD, Pb. 

Atomic weight =207. Molecular weight tmknown. Sp, gr. 
11-445. Fuses at 335^ Boils at a white heat. Ato- 
micity " and *^. Also sometimes pseudo-triatomic. 

The following list contains the names and formulffi of the 
most interesting compounds of this metal : — 

PbCl,. ©-0-0 



Plumbic chlori(k» 
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Plumbous oidde . 



\ PbO. 

Plumbic peroxide. I p^^Q 
{PlaUnerite,) ...J ^ 



Plumbic oxide, 
{Litharge,) 






Diplumbic tri- 
oxide 



PbOPbo" 



Triplumbic 
J^ tetroxide. 



'^ I PbPbo'V 




";ir*} P-PW'CPb-.o.,". (ikf^ 



Plumbic chlorohy- J pbHoCl. ©-0-0-0 

Plumbic hydrate ... PbHo,. 0-0-0-0-0 

Diplumbicoxydichlo-L fSHSK^HSH?) 

ride. {MathcUte.) [pbd ^^^'^^^'^^-^^^-^^^^ 
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Triplumbic oxydi- 
chloride. {Mendi- 
Pi^') 



fPbCl 
PbCl 



Diplumbic oxychlcj^ ^ ®--(5H5)HS)-®^ 
rohydrate [PbCl v_y ^-^ ^-^ ^^ ^^ 



Octoplumbic hept- 1 p- q qi 
oxydichloride... J 




Plumbic sulphide. 1 p^g" 
(Galena.) J 



PbCl 



Diplumbic sulphodi. I g» fSWSlHTKSH^ 

chloride I PbCl ^^J^-J^^-^TK--^^^ 



Plumbic Bulphate. 1 gQ pij^" 
(Lead vitriol.) J 

Plumbic dinitrite 



fNO 
^ Pbo". 

[no 



Plumbic nitrite hy- 1 NO(Pb"HoO). 
drate J 

Diplumbic nitrite- 1 N Pbo"(Pb"HoO). 
hydrate J 
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fNO, 

Plumbic dinitrate ... < Pbo". 
NO, 



Hydric plumbic m- 1 n QHoPbo". 
trate J 




Dihydric diplum- 
bic nitrate hy- 
drate 



NHo,Pbo"(PbHoO). 




Dihydric diplumbic p^^^. 

nitrate mtnte. I -p^^^ ^ 
(Basic Tiyponitrate I IfQ 
of lead.) 




Plumbic carbonate \ 

{Leadspar.white I COPbo". 
lead ore.) J 
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Triplumbic dihy-l 00(OPbH:o)p. „ 
dratedicarbonateJ 00(OPbHo)''°° ' 



©-©-( 
or 







OV- (FbWO) 



Dihydric triplum-l CHoPbo" 



bic dicarbonate 



CHoPbo- 



„Pbo". 



\0/ \0/ 



Diplumbic sul- 
phate carbonate. 
(Lanarkite.) ... 

Tetraplumbic tri- 
carbonate sol- 
phate. {Lead- 
hillite.) 



SO Pbo ,. 



CO ^^^ ' 
CoI'bo'Tbo" 

g^^Pbo" 





Diplumbic chromate. OrOPbo", 



Triplumbic di- f^jj!^''^'"^ 

chromate ••• [crOPbo"-'' 

Dipotassic 1 pbOKo . 

plumbate ... J " 



Or) (g) 
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CHAPTER XXIV. 

HEZAD ELEMENTS. 

Section IV. 

CHEOMIUM, Cr. 

Ajtomic weight =52*5. Molecular weight tmJcnown, 8p, gr. 6. 
Atomicity ", *^, and ^; also a pseudo-triad (andapseud-octad). 
Evidence of atomicity : — See the annexed compounds. 

The following are the most important compounds of this 
metal : — 



Chromons chloride CrCL,. 



0-0-@ 



Chromic chloride ... | qJ!qi'. @-\ 



Chromic perfluoride. CrFg. 

Chromons oxide Cr O. 

Chromons hydrate . . . CrHOj. 

Chromic oxide {crO^* 




©^x^ 



© 

©=©-^i)=© 
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Chromous dicliromic fCrO 



tetroxide \OrO ' (o)=(cr) 



OJ—ICt)— (O 




Dichromic ferrous 
tetroxide. 
(Chrome iron 
ore.) 



{SS^"-- 



r O WCr) rcr W O 1 



Chromic dioxide OrOj. 

Chromic anhydride. CrOj. 



Dipotassic chro- ^ 

mate. (Normal ^ ^ „ ^^ ^^ ^^ ^^ ^^ 

* ' T. > CrO,Ko,. (^)H^}-0^)-C^>-C^J 
potasstc chro- f '^'•^a^^a- \^ \^ \^ \^ \^ 

mate.) J 



Dipotassic dichro- i QrO Ko 
mate. (Fotassial O 
bichromate,) [CrO^Ko 



fCrO^Ko 

Dipotassic trichromate. J q^q 
(Potasstc terchromate.)\ 

V.CrO,Ko 





i ^gu»pa^ fSf 
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Dipotassic cliromousi SO«Kor< " i^fs-cr 
disulphate. Fig. 1. J SO.Ko^^^ ' ^O^- 
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difiulpliate. Fig. 

Dichromic trisul- 1 
phate. Fig.2 J 

Dipotassic dichromic 
tetrasulphate. 
(Potassium chrome 
alum,) Fig. 3 



so,— I 

S0,-('Cr"',0.)M5OH,. 
SO. 



SO,Ko-i 
|g»-('Cr"'A)'',240H^ 

so,'kJ 



Dichromic 
trate, 



mic hexani-) -^q /■'Cr"'OV' 
0('Cr"',0„Ho,)''. 



Octochromic carho- 
nate dihydrate. 
Fig. 5 

Plumbic chromate. ^ 

(Bed lead ore, I CrO.Pbo". 
crocoisite.) Fig. 6. J 

Sulphochromic acid. fSOaHo 
(Dihydric sulphite \ O 
chromate.) Fig. 7. ... ICrO^Ho 

Tetrapotassic dichro- I q ~" ^^gvi^^ 

mosulphate. Fig.8.... ( OrOKo— O^-" 

Chromic hydrate • • { CrHo'' ^®^^- 



Perchromic acid {gSfS- 
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Potassic cUorbchro-j OrCClKo. (cmcWoWk) 
mate j 

(0) 

® 
Chromic dichlorodi- "j jf 

oxide. (Chloro-i CrO.Cl,. 0-©-© 

chromic acid,) J Js. 

Chromous sulphide. . . . CrS". 
Dichromic trisul- f OrS"Q,i 
phide tCrS"^- 

Sulphochromic anhy-l q^R" 
dride J *" 

MANGAKESE, Mn. 
Atomic weight =55. Molecular weight unknown. Sp, gr, 7* 
to 8. Atomicity ", *^, amd ^ ; aho a jpaevdo-triad and a 
psetid-octad, Emdence of atomicity i — 

Manganic perfluoride Mn^F,. 

Analogy with chromium. 
The following are some of the more important compounds 
of this element : — 
Manganous chloride. MnCl^. @~@~® 

Manganic chloride . . . MnCl^. (ci)-fMnW ci ) 

(cT) cco 

i)imanganic hexa- f MnClg (SVCmoMmoMcO 

chloride lMnCl3 ^-^^ 

rcn [c\\ 

Manganous hydrate . MnHo^. 0-0-0-®"0 
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Monganbus oxide ... MnO. 

Trimanganic tetr- j MnO^ 
oxide. {Sausmo' i Mn q. 
nite.) I^MnO 

Manganous diman- / MnO-jyr „ 
ganic tetroxide ... l^^O 

Dimanganic trioxide. f MhOq 
(Bramite.) ...... I ^^O 

hydrate. (Jf«»y»- 1 MnOHo' 
nite.) 




(SKs) 



fBinO-O-i 

Vanricite -^ Mno" (Mn'^Ho"^. 

[MnO-O-i 

(o)z@--©-€>-©--(£>=© 

• ©—©—0 



© 
©=©-©=© 



_ © 
Manganic oxide. 1 jjfij^(\ 

(JPyrolimte^ J 

Manganous diman- <\ 

ganic tetroxide di- I MnHo^^ -^ „ 

hydrate. (Psilome- [ MnHo ^ 

lane, Sartman^em,) J 

l)^-(o) — ©-©-© 
-0 — ^ 

Dipotassic manganate MnO^KOj. (5)~(£)~© 
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Dipotassic per-1 fMnO^COKo) 
manganate J iMnOj(OKo)' 



Manganous sul- ] 

phide. (Man- I MnS. 
ganese blende,) . J 

Disulpliopotassic j MnKs^„ 
trimanganous I Mn ^„. 
disulphide J MnKs 

Manganous carbo- ] 
nate. (Manga- 1 COMno". 
fiese gpar,) J 

Aluminic manga-^ g^ 
nous tetrasul- fSO^ I 
phate. (Manga- U Mn?^CAl"',0e)^24OH,. 
nese altmmitim \ SO, — ' I 
alim,) J SO2 ' 

SO 

Dimanganic trisul- 1 sO^Mn'" Y 
phate J SO*—" ' 

Dipotassic diman-^ 
ganic tetrasul- I SOjKo-i 
phate. (PotasA Iq^ZZC^^"' A^, 240H,. 
sivm manganese SO^Ko-l 
^.) I 
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Dihydnc dimanga- 1 « ^mt -»/r > 
nous dipnospbate J a a a 2 



I diphosphati 

Manganous sili-"^ 
cate. (SiUcife- 
raus manganese, 
red mang<me8ey 
rother Mang4m- 
kiesel, Moth- 
hratmsteinerz,) . 

Dimanganous sili-' 
cate. (Tephro- 
ite.) 

Pihydric dimanga- | 
nic silicate dihy- I 
drate. (Schwar- )- 
zer ManganMe- 
sel) 

Hexmanganic mo- 
nosilicate. (He- 
terocUne.) 



> SiOMno". 



SiMno'' 



SiHo/OMnHo),. 



si(;Mn'\o,,y\ 




Triglucinictetraman- TSiGo" , 

ganous trisilicate J Mno" / fMn^'Ox " 

sulphide. (^<'^if?.^/(||,J- 



vine.) 



Mno" 
SiGo" 



Almmnic manganous j ^^-^.„ q .^ 
disilicate I Si ' 



20H,. 



1^ 
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IBON, Ye. 

Atomic weight =56. Molecular weight unknown. Sp. gr. 7*8. 
Atomicity ", *% and ^. JSvidence of atomicity : — Amdogy 
with chromium. 

The following is a list of the chief compounds of iron :— 
Ferrous chloride ... PeCl,. ©-(5)^ 



Ferric chloride 



jreCl, 



PeCl,- 



Ferrous oxide PeO. 

Ferrous hydrate PeHo,. 

Ferric oxide. (Bed 
hBmatitCy micace- 
ous iron, oligist, | Ji^qO. 
specular iron or ^ 



tron 



.) 



Diferrichexahydrate. j^^^^s. 



Tetraferric trioxy- 

hexahydrate.(Co^ fp^S"^^ 
pact brown iron J ^ ^'^ 
ore, fibrous brown \ PeHo 
iron ore or brovm [TeOHo 
hamatite,) 




0-€)-©-0-© 




0Z0 
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Diferric dioxy-dihy- 

drate. {Needle f PeOHo 
iron ore, hrown \ PcOHo* 
iron ore.) 



Diferric oxy-tetra- 
liydrate. i 
variety c 
iron ore,) 



hydrate. (Another f PeHo,^ 
variety of hrown \ PeHo, 



fPeO^ 
Triferric tetroiide... -{ Pe A; 
[PeO^ 
or 

Ferrous diferric *^ f— ^ 
troxide. {Magnetic \ pf q^^o" 
iron ore.) 





Potassic ferrate PeOgKoj. 



Octoferrous sulphide ^^(Pe3)"S". 

'^ (7\ . ^ 



Diferrous sulphide. . . | p^S". 

Ferrous sulphide . . . PeS". 
Ferric disulphide. ] 

{Iron pyrites, > PeS",. 

ma/rtial pyrites.) J 



A/® 



©=0=© 



194 COMPOUNDS OF IRON. 

{PeS" vfy 

Diferric dicupric *^ ,_ ^ 
trasulphide. (Ci>p- j *!j^(Cu,SV'- 
per pyrites.) 



Diferric hexani 
trate 



Hexahydric di-^ 

ferric diphos- I p^OeCFe^'^HoA)*^- 
phate dihydrate. j 
Fig. 2 .J 

Ferrous sulphate. I goHo^Feo'^eOH,. 

. , ^. rso,Ko 

Dipotassic ferrous di- I -p^i' ,60Ha. 
sulpliate. Fig. 4. [sOaKo! 

Diferric trisul- \ SO^— i 

phate. {Coquim^ \ S0,-(Te"',0e)^9OH, 
Ute.) Fig. 6. ) S^8^ 

Dipotassic diferric^ 
tetrasulphate. 
(Fotassium iron 
alum.) Fig. 6. J 

Tetraferric sul- 1 qq (Te"',0,)",6OH,. 
phate. Fig. 7. J ' 

Tetrahydric tetra--Vj ^ 

ferric sulphate | 

octohydrate. > SHo,('Fe"',OHo30,)". 
(Vitriol ochre.) I 
Fig.8 ^ 



SO,Ko-| 
. |g»-CFe"',Oe)^,2iOH,. 

SO',KoJ 



Tc -fart, ri'ijf 13-^ 
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Heptaferric octo- \ 

sulpliide. {Mag- V Pe^S'^ 



' V( V( V( V\ VC^ 

Ferrous carbonate. \ 

(Spathic iron I OOFeo". 
ore.) J 

fNO 

Perrons nitrate i JPeo' . 

iNO, 

COBALT, Co. 
Atomic weight = 58*8. Molecular weight imknown. Sp.gr, 8'5. 
Atomicity ", *^, and ^ ? also paevdo-triatomic. 
For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 
Cobaltous chloride OoCl^. (5>-©-{5) 

(ci) (cj) 

Cobaltic chloride ... | q^qj*- (SHsHs)"^ 

Cobaltous oxide...... OoO. ©^^® 

'^"""'"'^ {sg«- g«^^ 

Cobaltous dicobaltic f OoO(,^„ ©-©"0 

^^^^^^^ l°*»^ °"' 0=(J^I @=0 

Hexacobaltic hept- 1 q q 

oxide J ® ^" 

® (o) (o) (o) (o) 

r o t:(co) — (co)— (co)---(co)— (co)— (co):z:{ o ) 
k2 
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Cobaltous hydrate ....: OoHo,. 0-<2HsK2)-© 



{CoOTTo 
OoOHo' 

Cobaltous sulphide OoS". 

Cobaltic sulphide. (Oohalt ( CoS"^^,, 
pyrites,) lOoS" 

Dipotassic cobaltous disul- 1 ^^a-^^Coo" 60H 
phate. Fig. 1 J SO.Ko ' «• 

Dihydnc pentacob^tous| CHo(OCo"Ho),. „ ^^ 
dicarbonatetetrahydrate. V CHo(OCo"Ho) "^2 

Fig.2 J 

Dicobaltous carbonate di-| CO('OCo"Ho'> 
hydrate. Fig. 8 J ^ ^'* 

Dipotassic cobaltous dicar- 1 
bonate. Fig. 4 J 

I IfH CI 
Cobaltoso-diammon-cliammo- J p, „ » 

nic dichloride. Fig. 5. ...'^ j^jj q^' 

-NH^CN^HJCl 



gggCocf,100H,. 



Dicobaltic hexammon-hexam- 
monic hexacbloride. {Lu- 
te(heobalf chloride.) Fig. 6. 



Dicobaltic tetrammon-liexam- 
monic hexacbloride. {Bo-, 
geo-cobalt atpurpureo-cohalt 
chloride.) Fig. 7 

Cobaltous dinitrate 



rCo-NH,(N^H,)Cl 

>— NH^CN^HJCl 

r-NH,(N^H,)Cr 

Co-NH^CN^HJCl 

>— NH,(N»HJC1 

-ira,(N^H.)Cl 
fCo-NH,(N''HJCl 

■ -NH,C1 
-NH3CI 
I C'o-NH,(irH,)Cl 

>— NH,(N''HJC1 



NO, 
NO, 



Coo",60H,. 



n Hux. -page 1%. 




JBajTro.Ttth' 
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Cobaltic disulphide CoS^. 

Dicobaltous oxysulphide Co^^'* © @ 

Dihydric cobaltous sulphate.. SOHOjCoo",60Hj. 
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/©\ 



NICKEL, Ni. 

Atomic weight =58*8. Molecular weight tmknovm, Sp, gr, 87. 
Atomicity ", *% cmd ^ ? also pseudo-triatomic. 
Annexed is a list of the chief compounds of this metal : — 

Nickelous chloride ...... NiCl,. ®~®"~® 

Nickelous oxide NiO . 

NickeUc oride (^*go. 0,,(^^:®^s^ 

©(H) 

Nickelic hydrate | j^ijjq''- ®-(2)~(^h(^^h(2y® 

(o) (O) 

(Hj (v^ 
l^ickelous hydrate NiHoj. 

{Ni 

Nickelous sulphide. *| 

{Capillary pyrites, \ NiS". 
hair nickel,) i 

NickeKc disulphide NiS",. ©=®=© 

Dihydric nickelous sul- 1 sOHo.Nio", 60H, 
phate J 
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Dipotasdc nickeloiis ui- ■ j»-. 7. gnw. 
sulphate ' ' 



.. fSO,Ko 
lsO,Ko 




fNO 

Nickelous dinitrate < Nio ,60H.. 

I NO, 

Dihydric pentanickelous f CHo(Ni"OHo)a 
dicarbonate tetrahy- \ Nio" ',20Ha. 

drate [OHo(NrOHo), 

rCOKo 

Dipotassic nickelous tri- J qj^^q" lOOH. 

carbonate | q ' 

toOKo 

Nickelous diarsenide. \ "As'ttt.,, /d\ 

(KuBfemickel.) .J "Am'^' '' ^^^^ 



or ^(Aa 



"l^'Ni". 




(Ni) 

(AbV 



"As'"' . ^Oi'^ 

Nickelic tetrarsenide. "As'"^ ^^\ 

"As'lU C© ©D 

Nickelous sulpldde di- /©\ 

arsenide. ( Orei/ nickel | ^S"Ni". @ Yq 

or«, nickel glance,) ^ Vi)/ 
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CHAPTER XXV. 
ORGANIC CHEMISTRY. 

INTBODUCTOEY. 

The number of elements entering into the composition of 
organic compounds is usually yeiy small. 

The really essential element is carbon. 

A large number of compounds consist of carbon united with 
only one other element, either hydrogen or nitrogen. 

The members of another very large class contain only three 
elements, — carbon, hydrogen, and oxygen; carbon, hydrogen^ 
and nitrogen ; or carbon, nitrogen, and oxygen. 

Others containyimr elements, carbon, hydrogen, oxygen, and 
nitrogen. 

Some contain sulphur, clilorine> bromine, iodine, silicon, 
phosphorus, boron, and metals; but these are comparatively 
rare, and those containing sulphur are alone found in nature. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that taking 
part in the formation of minerals, yet the complexity of the 
former class of compounds is frequently much greater. 

There is no instance of an organic compound containing but 
two single atoms, and only one containing three (hydrocyanic 
acid, HON). 

On the other hand, the number of atoms in a single organic 
compound is sometimes very great. Thus : — 

Spermaceti contains 98 atoms. 

Stearin „ 173 „ 

Margarin „ 217 „ 

Albumen „ 226 „ 

In most, possibly in all, organic compounds carbon is a tetrad. 
It therefore forms with 1 atom of hydrogen a triad compound 
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radical, which exists in chloroform (0*^H)"'C1, ; a dyad com- 
pound radical with 2 atoms of hydrogen, as in methylenic 
dichloride (O^B.yC\^ ; and a monad compound radical with 
8 atoms of hydrogen, as in methylic iodide (C^^Hj)!. But in 
these compounds it will be seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — '* In 
every molecule of a chemical compound the sum of the bonds 
is always an even number," because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known: — "The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound." 

A compound organic radical consists, therefore, of one or more 
atoms of carbon in which one or mm'e bonds are tmsatisfied, and it 
is either a monad, dyad, Sfc, radical, according to the number of 
monad atoms required to complete its active atomicity. 

Such a radical, when a monad, triad, or pentad, cannot exist 
as a separate atom ; like hydrogen or nitrogen, when isolated, 
it combines with itself, forming a diatomic molecule. It is only 
by the union of two atoms that the vacated bonds can be satisfied. 

The following are two of the principal series of compound 
organic radicals : — 

Monads. Dyads. 

Methyl... |q5» or |^^ Methylene... OH, or Me"*. 

Ethyl ... {o'5'or j^J Ethylene ... 0,H, or Et". 

Propyl . . . { §»^ o>^ { S I*ropylene . . . 0,H, or Pr". 

Butyl ... {o*h'°'^ Ibu Butylene ... C,H, or Bu". 

Amyl ... { g'g^' { ^y^ Amylene ... C,H, or Ay". 
* Only known in combinaiion 
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Organic radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, it will 
now be necessary to investigate their functions in organic com- 
pounds, and to examine the general plan according to which 
these compounds are built up. 

We shall be assisted in this investigation if we reduce the 
formula of these compounds to a few types or fundamental 
forms. In doing this it is necessary to avoid, as far as possible, 
all empirical grouping of atoms. Our formulae must express, 
as exactly as possible, how the elements are combined with each 
other. Thus in a compound containing C^HyO,, the formula 
ought to show, first, whether the hydrogen is combined with 
the carbon or with the oxygen, or if combined with both, it 
should indicate how many atoms are united with the carbon, and 
how many with the oxygen. Secondly, the formula ought to 
show whether the oxygen be united with the carbon or with the 
hydrogen, or partly with the one and partly with the other, or, 
lastly, whether it be performing the function of linking hy- 
drogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies, can be conveniently considered under the two 
following types, viz. : — 

© 

1. The monadelphic, or marsh-gas 1 (^3V^cV-i'^ 

*"'' ^ 

0® 

2. The diadelphic, or methyl type... (s)^©"©"® 



(h(k) 



K O 
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The nitrogenous organic compounds arrange themselves in 
the most convenient manner under the two following types : — 

(h) 

3. The ammonia type @ 

@ 

4. The ammonic chloride type ©"WK^) 

In addition to these types a few others will be occasionally 
necessary, such as — 

(h)(h)0 

6. He triadelphic type (2)~(£)"'(2}~®~{E) 

^) (h) (h) 

(F) (?) 

6. The double monadelphic type ... (^)-(^y-(o\-(cy-(B) 

(2) ^) 

7. The condensed diadelphic orl pC.rk 

define type J v^/H^ 

(5) (5) 
Double, and sometimes even treble ammonia and ammonic- 
chloride types are required for certain compounds, but they 
do not need special description here. 
The above types are written symbolically as follows : — 
1. Monadelphic type CH^. 

3. Ammonia type , N""'H3. 

4. Ammonic-chloride type N^H^CL 
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fOH. 

5. Triadelphic type 1 OH,. 

I OH. 
fCH, 

6. Double monadelphic type ., <0 , 

CH, 
CH, 
CH- 



7. Condensed diadelphie type . 



In order to facilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of hydroxyl, in addition to those already 
given for inorganic compound radicals at p. 28, and for the 
monad and dyad organic radicals at p. 200 : — 

Methoxyl CH3O or Meo. 

Ethoxyl CaHfiO or Eto. 

Propoxyl CsHtO or Pro. 

Butoxyl CiHflO or Buo. 

Amoxyl CgHi^O or Ayo. 

Pormul© written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type as follows : — ' . 



Propylic J ^j/ 
hydSde. |g|; 

Triadelphic, 



_ JCMeH, _ 
- ICH3 - 



DutdelpUc. 



OMe,H. or OEtH,. 

Monsdelphio. 



The above alternative monadelpHc formulro, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressiiig both graphically, thus : — 



OMe,H, = 




i-0-0 
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CEtH, 



®^^ 
©-0^ 



On the other hand, monadelphic formulsB, if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, Ac. formul» in the following manner :— 

CH, 
rCMeH, 
'CEtH, 



CBuPrH,= {gg^, 



Normal batyl, or 

opylated met* 

(Moleoale.) 



CH, _ 
CH, - 
CEtH, 



CH, 

CH, 
CH, 
tCMeH, 



CH, 
CH, 
CH, 
CH.- 
CH, 
CH, 
LCH. 



This development of normal butyl depends on the following 
facts : — 1st, that normal butyl is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 207) cannot be 
completely developed vertically : — 



/CEtMeH _ 
1 CEtMeH - 

Methylo-etiijlated 
mathyL (Molecule.) 



fCMe. 
tCMe. 



(OMeH, 
CMeH 
CMeH ' 
CMeH, 



CH, 

CMe, 

CMe. 



fCH. 

CH, 

J CMeH 

^ CMeH 

CH, 

LCH. 






CH. 

CH, 

OH(CH.) 

OH(CH.) = 
. CH, 
LCH, 



CH, 



rcH, 

C(CH.)(CH,) 
0(CH.)(CH.)- 
CH. 



Trimethylated 
methyl. (Molecule.) 
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It will be seen, on comparing the above formula' with the 
graphic representation of the respective compounds, that both 
express the same facts. Thus in the developed symbolic formula 
of normal butyl it is evident that the two extreme carbon atoms 
are united with three atoms of hydrogen and one of carbon, and 
all the intermediate carbon atoms with two of hydrogen and two 
of carbon, exactly as shown in the following graphic represen- 
tation : — 




©©(h) 

ii) © © © 



(n) © 

: -©-© 
© © © © 




Normal butyl or propjlated methyl. (Molecule.) 



From the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are • 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon and three of hydrogen, thus — 



®-®-® 




©-<c)-® 

© 

Methylo-etlijlAted methjL (liolecole.) 

Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
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four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen, and one of carbon, thus : — 




0-©-<5) 

Trimeth jlated mefli jL (Molecale.) 



CLASSIFICATION OF OSOANIC COMPOUNDS. 

The most important organic compounds can be conveniently 
divided into the following twelve families : — 

1. Oiganic radicals. 

2. Hydrides of organic radicals. 
8. Alcohols. 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes. 

7. Acids. 

8. Anhydrides. 

9. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 

12. Organo-metaUic bodies. 
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CHAPTER XXVI. 

OBGAinO RADICALS. 

This family of organic compounds is dividecl into two 
classes: — 

Class I. Basylous or positive radicals. 
Class H. CUorous or negative radicals. 

Class I. 
BASTLOUS OB POSITIVE BADICALS. 

Monads. 
Methyl or (CnHa,^.!)^ Series. 
Vinyl or (C„Ha„_i)2 Series. 
Phenyl or (CJB.2n-i\ Series. 

Dyads. 
Ethylenfe or CnHa^ Series. 
Acetylene or C„Ha,_j Series. 
Phenylene or CnHa«_8 Series. 

Triads. 
Glyceryl or (CnHa,.!)'", Series. 

Class I. 

BASTLOUS BADICALS. 

MONADS. 

MJSTRTL or (C^Hj^i), 8EBIES, 

These radicals are divided into three sections, viz. Normal, 
Secondary, and Tertiary : — 

General formula. 

1. Normal Eadicals (oScfc)§: 
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General formuLc. 
2. Secondary Eadicals ... {gg]J::t:}:i^ 

8. Tertiary Eadicals {cfc^Hro'* 

In the first of the above formulae n may =0, but in the 
others it must be a positive integer. 

Examples of the secondary and tertiary series of radicals 
may be seen in the secondary and tertiary fatty acids. They 
have not yet been isolated. 

It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may exist ; but up to the present time they 
have not been obtained. 

1. Normal Badicals. 

This series contains the radicals of the methylic series of 
alcohols. 

These radicals also enter into the composition of the normal 
series of fatty acids. 

The following list contains all the radicals of this section 
that have been hitherto obtained : — 



IKHnta. 



Methyl JMrf^^'lew' notknown. 

about -28", 



JMe'^MOH- 



p^pyi (& o^jcmS:. «' 



OH, 
OH. 

OH. 
OH, 
OH, 
OH, 
OH, 
OH. 



+68» 
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Boiling- 
points. 

«-*yi {bu'-{oS5: "«°- 

^y' {i^.-(oBS: ''''■ 

cap-yi {§J'-(oi^5 202». 

Preparation, — 1. By the action of zinc on the iodides of the 
normal radicals : — 

2C(c.H^oi + zn = zni, + { gjg:^:;:;?:- 

Part of the liberated radical is at the same time decomposed 
into the hydride of the radical and the corresponding dyad 
radical : — 

{C(C„H2,^fi)H, __ f C(CnHa,+i)H2 , rnrr tt ^ttt' 
C(CnH^i)H, - JH ^ [C(C„ll2„+0HJ . 

A remarkable special method for preparing ethyl consists in 
exposing mercury and ethylic iodide to the influence of sun- 
light:— 

2EtI + Hg = Hgl, + Et,. 

Ethjlio Meroorio Ethyl, 

iodide. iodide. 

2. By the electrolysis of the salts of the normal fatty acida. 
In this process nascent oxygen acts upon the fatty acid, con- 
verting its oxatyl into carbonic anhydride, the positive radical 
being set free : — 

2fO(C,H^i)H, . o - /C(C.H^.)H, 
^toOHo • + " - |C(C.H^,)I1, 

Fatty add. Badioal. 

+ 2C0, + OH,. 

Carbonio Water, 

anhydride. 

3. By acting with zinc upon the iodides of two radicals simul- 
taneously, the so-called double or mixed radicals are produced: — 

Mel 4- EtI -f Zn = Znl, -f V^^. 

Methylio Etbvlio Zincio Methyl 

iodide. iodide. iodide. ethyl. 
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ETHTL. 




JCMeH, 
t CMeH; 



Molecular weight =58. Molecular volume 1 1 1 . 1 litre of 
ethyl gas weighs 29 criths. Boils at about —23® C. 

Preparation, — ^By digesting together at 120® ethylic iodide 
and zinc, the reaction being exactly similar to that between 
hydriodic acid and zinc : — 



Zn + 2HI 

Hjdriodio 
add. 

Zn -f 2EtI 

Bth^lio 
iodide. 



Znl, + 



Zinoio 
iodide. 



Znl, + 



Zindo 
iodide. 



{I- 

Hydrt^en. 

/Et 
\Ef 

EthyL 



VINTL SEBIES. 

General formula... I c^c'fc)!*- 
The first member of this series — vinyl — has not yet been 
isolated. 



ALL7L. 



fO,H. ,fO(CM:e"H)H, 



0(CMe"H)H^- 




Maleeular weight =82. Molecular volume I I I . 1 litre of 
alhfl vapour weighe 41 erithe. Sp. gr. 0684. BoUs at 69°. 
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Preparation, — ^By digesting allylic iodide with sodium, and 
then distilling : — 

Na. + 2C(CMe"H)HJ = {oJcMe''H)^ + 2NaI. 

Alljlio iodide. AII7I. Sodio iodide. 

Character, — ^Bromine and iodine unite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active, and are united with four atoms 
of bromine : — 



fC(CMe"H)H, . -R, _ fC[C(CH,Br)BrH 
tC(CMe"H)H, "+" ^"^^ - t C[C(CH,Br)BrH: 

AII7L Alljlio tetrabromide. 



I- 



An analogous case is met with in ferric chloride, where two 
tetrad atoms, united by one bond of each, become together heza- 
tomic : — 

Allylic monobromide can only be obtained by the action of 
phosphorous tribromide on allylic alcohol : — 

3C(CMe"H)H,Ho -f t^Bi-g = 3C(CMe"H)H,Br 

Alljlio aloohoL Fhosphorons Alljlio monobrcmiide. 

tribromide. 

+ POHHo,. 

Phosphorous add. 



PRENYL SUSIES. 

General fomiUa...{gg5'-)g;. 

These radicals are but very imperfectly known, phenyl alone 
having been investigated. 
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FHENTL. 

fC(C,H,)H, 

1c(c.h,)h; 





Molecular voeight =154!. Molecular volume I I 1 . 1 lUre of 
phenyl vapour weighs 77 criths. Fuses at 7(f, Boils at 
240°. 

Preparation, — By the action of sodium on phenylic bro- 
mide : — 

2C(C.H.)H.Br + Na, = {cScA)^' + 2NaBr. 

Phenylio bromide. Phenyl. Sodio bromide. 

BeactUm. — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid :— 

fO(C.H,)H. . Br - JC(C.H,)HBr . g^r 



Phenyl 



Bromphenyl 



Hydrobnnnio 
add. 



CHAPTER XXVII. 

BASYLOUS BADICALS. 

DTASS. 

ETHTLENE or C„ Hj, SERIES. 

Preparation. — These compounds are produced as follows : — 
1. In many cases of destructive distillation, where, however, 
the reaction cannot be traced. 
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2. By the abstraction of the elements of water from the 
normal monacid alcohols of the methylic series, as for in- 
tance: — 

{c?:ho = "{c3: + OH.. 

Ethylic aloohoL Ethylene. Water. 

3. By passing the vapours of the haloid compounds of the nor- 
mal monadradicals of the CnH.2n+i series over heated lime, thus : — 

{cici = "{ci: + =ci. 

Bthjlio Ethylene. Hydroohlorio 

chloride. add. 

4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

fO(CH,)H, ^ „ fOH, fOH, 

tO(CH,)H, = JOH, + lOH.- 

EthyL Ethylene. Ethjrlio 

hydride. 

6. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

fCH, . (OK, T^ , . 'JCH, . rCH, 

tCH;i + lCH>a = Nal -K j^^^^ + Jq^'. 

Ethylic Sodio Sodio Ethylene. Eth^^lic 

iodide. ethide. iodide. hydride. 

Character, — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
series, together with their fusing- and boiling-points : — 

Fusing- Boiling- 
point, point. 

Ethylene C,H, 

Propylene C3H, 17-8 

Bulylene C^Hg 1-350 

Amylene CsHjo 550 

Hexylene CeHu 390 

Heptylene or (Enanthylene... C^Hj^ 550 

Octylene or Caprylene Ce^ie ^^'^ 
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Fomng- Boiling- 
point, point 

Nonylene C,B.,, 125° 

Paramylene CioHjo 

Cetene CieHja 



Cerotene 0„B.^ 57° 275 

Mdene C^,, 62 375. 

Beactions. — 1. The dyad radicals of this series all unite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 

rCH,Cl fCH,Br /CH,I 

\CH,C1 tCH,Br lCH,r 

Ethvlenio Ethjlenio Ethjlenio 

dichloride. dibromide. diiodide. 

These compounds, when treated with alcoholic solution of 
potassic hydrate, furnish one molecule of a hydracid, thus : — 

{oi:g + ^Ho - KCl + "{gH« + OH,. 

Ethylenio Fotasmo Fotassio Vinjlic chloride. Water, 

diduoride. hydrate. chloride. or chlorinated 

ethylene. 

The monochlorinated radical thus obtained again unites with 
two atoms of chlorine, producing chlorinated ethylenic dichlo- 
ride, 

fCHClCl 
lCH,Cl ' 

which, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylene. The following formulae show the first, 
intermediate, and final compounds : — 

., r CH, f CH,C1 . f CHCl f CHCICI „ f CHCl 



I. J 



ICH, \CH,C1 ICH, \CH,C1 \CHC1 

J CHCICI „ r CCl, f CCLCl n f CCL 
\CHC1C1 tCHCl t CHCICI JCCV 



{ 
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Tetraclilorinated ethylene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic hexachloride : — 

fCCl,. 

Dioarbonio hexachloride. 

2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived. If ethylene 
be digested with hydriodic acid for 50 hours at 100° C, it is 
transformed into ethylic iodide : — 

Ethylene. Hjdriodio Eth^lio 

aidd. iodide. 

From this, ethyl may be prepared, as shown at p. 210. 
Isomerism of ethylene cmd ethylidene comjpounds. — The chlorides 
of the dyad radicals are isomeric : — 

1. With the chlorides of the monochlorinated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radicals : — 

rcH,ci fCH, rcH3 

\CH,C1 \ORC\ tCHCV 

Ethylenio Ethjlidenic dichlo- lionochlorinated 

dicmoride. ride (obtained from etiiylio chloride, 

aldehyde.) 

These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride : — 

{oi:cl + KHo = "{ggCl ^ OH, + KCl. 



Bthylenio Potassio VinyKo Water. Potassic 

di(^oride. hydrate. chloride. chloride. 

KHo = "{cif^ + OH, + KCl. 



;CH . ,„„ . .JCHCI 



Monochlorinated Potassio Vinylic Water. Potaseio 

ethylio chloride, or hydrate. chloride. chloride. 

Xthylidenic diohlo- 
ride. 

But certain compounds of ethylene yield paralactic acid. 
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whilst the corresponding compounds of ethylidene give lactic 
acid. The boiling-points of their chlorides also differ, ethy- 
lenic dichloride boiling at 85^, whilst ethylidenic dichloride 
boils at 64° ; on the other hand, ethylenic oxide boils at 13®-5, 
whilst ethylidenic oxide (aldehyde) boils at 2(f, 
The oxides of the dyad radicals are isomeric — 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or C„B[att_iHo series. 
The nature of this isomerism is seen from the following for- 

mul»: — 

{cH,^ {cob \CHko- 

Bth^lenio Acetic Yinrlio 

(node. aldehyde. alcohol. 



ETHTLENE. 

©(h) 

"{ch:- ©-<p-©-<s 

Molecular weight =28. Molecular volume I I 1 . 1 lUre weighs 
14 criths. 

Preparation. — See general methods (p. 213), 
Eeactions, — 1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube : — 

'ch" = °". + « 



"{; 



Ethylene. Marsh- 

gas. 



2. Burns in chlorine with deposition of carbon : — 
"(cH + 2^^ = C, + 4HC1. 

Ethylene. Hydrochloric 

acid. 

Ethylidene, the isomer of ethylene, has not yet been isolated, 
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unless the hydrocarbon C^H^ derived from the transformation of 
ethyl be this body. The formula of ethyHdene is doubtless 



CH3 
"CH • 




ACETTLEKE or CAn^^ 8EEIES. 

Acetylene is the only radical belonging to this series which 
is well known. The series comprises the following members : — 

Acetylene C^Hj. 

AUylene C3H^. 

Crotonylene Cf^Hg. 

These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad functions. 



ACETYLENE. 
'"C'Aor { ;;gg. ®-^y® or 0-^)-gKE) 

Molecular weight =26. Molecular volume I t 1 . 1 litre weighs 
13 criths. 

Preparation, — 1. By synthesis from its elements. When an 
electric arc from a powerful voltaic battery passes between car-, 
bon poles in an atmosphere of hydrogen, acetylene is produced. 

2. By the action of water on potassic carbide : — 

C,K, + 20H, ^ CA + 2KHo. ' 

Potasaio Water. Acetylene. Potassio 

oarbide. hydrate. 



218 ORGANIC RADICALS. 

8. By the action of heat upon olefiant gas or the vapours of 
alcohol, ether, or wood-spirit, or by passing induction sparks 
through marsh-gas : — 

20H, = 0,H, + 3H,. 

Marah-gas. Aoetylene. 

4. By heating the vapour of methylic chloride to low red- 
ness: — 

2OH3CI = 0,H, + 2HC1 + H,. 

Meth^lio Acetylene. Hjdroohlorio 

ohlonde. aoid. 

6. By passing the vapour of chloroform over ignited copper : — 
20HC1, -f. Cue = 0,H, + 3'Cn',Cl,. 

Ohlorofbnn. Acetylene. Cuprous 

chloride. 

6. By the action of calcic carbide upon water : — 

0,Ca" + 20H, =^ OA + OaHo,. 

Caldo Water. Acetylene. Calcic 

carbide. hydrate. 

7. From vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash : — 

03H3Br + KHo = 0,H, + KBr + OH,. 

Vinylic Fotassic Acetylene. Potaaaic Water, 

brcnmde. hydrate. bromide. 

8. By the incomplete combustion of bodies containing car- 
bon and hydrogen : — 

40H, + 30, = 20,H, + 60H,: 

Marsh-gas. Acetylene. Water. 

2CA + O, = 20A + 20H,, 

Oleflant gas. Acetylene. Water. 

The crude acetylene, obtained by any of these processes, is 
best purified by passing it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

taining 



^O 
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2'On',Cl, + 20,H, + OH, = J O* ' + 4HC1. 

ic;cu',H 

CupronB Acetylene. Cuprosovinylio Hydrochloric 

chloride. ether. (Acetylide aoid 

of copper.) 

K ethylene have been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylio ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 

r C 'On' TT 

jo"' + 4HC1 = 2CA + 2'Ou'A + OH,. 

lc;Cu',H 

Onproeovinylio Hydrochloric Acetylene. Caprons Water, 

ether. (Aoelylide add. chloride, 

of copper.) 

Beactions, — 1. When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen evolved by the action 
of the zinc upon the ammonia unites with acetylene, producing 
ethylene : — 



ro;cu',H 
lo;cu',H 

CuprosoTinylic 
ether. 



2H, 


— 


20A 

Acetylene. 


+ 4Cu 


+ 


OH,; 

Water. 


lene. 


+ 


H, « 


Ethylene. 







2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

OA + SO,Ho, =; SO,(C,H30)Ho. 

Acetylene. Sulphuric Vinyl-sulphuric 

acid. acid. 

3. Acetylene unites with bromine, forming acetylenic dibro- 
mide : — 



'"O'H, + Br, = "0",H,Br,. 

Acetylene. Acetylenic 

dibromide. 



l2 
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BBOMACETTLEKE. 

By boiling together dibromethylenic dibromide with alco- 
holic potash, a spoutaneously inflammable gas is evolved, which 
is bromacetylene. 

(cK = HBr + Br, + C,HBr. 

DibromeUiylenio Hydrobromic Bromacetylene. 

dibromiae. aoid. 



FHUJSTTLEJSrJE or CnEL^n^s SEBIES, 
The dyad radicals of this series are very little known. 
The following has alone been isolated : — 

Phenylene, CgH^. 




BASTL0U8 BADICALS. 

TEIADS. 

These radicals are unknown in the separate state, unless they 
are identical with the dyad radicals of the acetylene series: — 

Acetylene. FormyL 

They are, however, well known in a numerous class of com- 
pounds belonging to families which will be studied hereafter. 



CYANOGEN AND OXATYL. 
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CHAPTER XXVni. 

obganio radicals. 

Class II. 

CRLOBOUS OB NUGATIVJE BAJDICALS. 

Every positive or basylous radical may be looked upon as the 

source of a chlorous or negative radical, which is generated by 

displacing a portion of the hydrogen of the former by oxygen. 

Thus:— 



Ethyl 


Q«2« yields acetyl 


{^8- 


Allyl 


oiS; " ^' 


{%% 


Ethylene 


(0,HJ' „ glycolyl 


(OAO)". 


Propylene (0,H,)" „ lactyl 


(OAO)". 


99 


„ malonyl 


(O,H,0J' 



The constitution of the so-called compoimds of these negative 
radicals may, however, be more simply explained from another 
point of view ; and, in fact, it will only be necessary for us to 
establish the existence of two negative radicals, in order to inves- 
tigate the whole range of chlorous organic compoimds. These 
are — 



Cyanogen 



Oxatyl, the molecule 
of which is dry 
oxalic acid. 



/ON'" 
1 ON"" 



fOOHo 
tOOHo- 




These two radicals are the acidifying principles of nearly all 
organic acids ; they are therefore highly important compounds. 
The atom of each consists of an atom of carbon, one bond of which 
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is free to combine with other elements or groups of elements, 
the other three bonds being saturated, in cyanogen by triad 
nitrogen, and in oxatyl by one atom of oxygen and one of 
hydroxyl. In the molecules of both, the two free bonds of 
the carbon saturate each other. 

These radicals are also closely related to each other. Thus, 
if cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

JCN'" . .Q„ fO0(N-H,0) 

Cyanogen. Water. Ammonio oxalate. 

In the presence of potassic hydrate, cyanogen evolves ammonia 
and produces potassic oxalate : — 

(gg: + 2KHo + 20H, = {gO|o + 2NH,. 

Cyanogen. Fotaasic Water. Fotassio Ammonia, 

hydrate. oxalate. 

From these salts oxalic acid, or the molecule of oxatyl, may 
of course be readily obtauied by the action of sulphuric acid. 

In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
the salt to the action of heat : — 

fO0(NvH,0) _ .r,Tx . JON'' 

Ammonic oxalate. Water. Cyanc^en. 



CTANOGEN. 

f ON"' 
|Qj^,,,orCy.. 

Molecular weight ^52, Molecular volume I I L I litre weight 
26 criths. Fuses at —34°. Boils at — 20°-7. 

Occurrence. — ^Amongst the gases of blast furnaces, — ^a proof 
of its withstanding an extremely high temperature. 
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Fre^aration, — By the action of heat on mercuric cyanide : — 
HgCy, = Hg + Cy,. 

Meroaric Cyani^eiu 

cjranide. 

This equation only partially expresses the reaction, as a brown 
non-volatile compound (paracyanogen), Cyn, is simultaneously 
produced. 

Beaction. — Cyanogen unites directly with potassium: — 
Cy, + K, = 2KCy. 

Cyanogen. Potassio 

ojanide. 



HTDEOCTANIC ACID. 

Molecular weight =27. Molecular volume I i I . 1 litre of hy- 
drocyanic acid vaipour weighs 13*6 criths, Sp* gr, of liquid 
0-7058. Fuses at —15°. Boils at 26°'5. 

Preparation. — 1. In the anhydrous condition, by passing 
hydrosulphuric acid over mercuric cyanide : — 

HgCy, + SH, = HgS" + 2HCy. 

Mercuric ' Sulphuretted Heronrio HydroKnranio 

cjanide. hjdrc^en. sulphide. add. 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 



2KCy + SO,Hoa = 2HCy + SO.Ko^. 

Potassio Solphurio Hydroovamo Potassio 

cyanide. add. ado. sulphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 

OOKo, + C, + N, = 20N'"K + 3O0. 

Potassio Potassio Carbonic 

carbonate. cyanide. oxide. 

The potassic cyanide thus formed is then treated according 
to process No. 2. 

Beactions, — 1. Hydrocyanic acid in contact with water slowly 



224 



OBGANIC RADICALS, 



passes, partly into ammonic oxalate as mentioned at p. 222, and 
partly into ammonic formate : — 

CN'-H + 20H. = {go(N'H,0)- 

HjdrocTMiie Water. Ammonio 

ado. formate. 

2. If hydrocyanic add be mixed with concentrated hydro- 
chloric acid, formic acid and ammonic chloride are produced : — 

ON'"H + 20H, + HCl = {ooHo + l^H.Cl. 

Hjdrocnranio Water. Hydrochlorio Formic Ammonio 

ado. acid. acid. diloride. 

3. The displacement of the hydrogen in hydrocyanic acid by 
metals gives rise to -a very extensive series of single and double 
cyanides. The following is a list of the most important of 
these compounds : — 

Single Cyanides, 

Potassic cyanide KCy. 

Zincic cyanide ZnCy,. 

Cadmic cyanide OdCy^. 

Nickelous cyanide ^ NiCyj^. 

Argentic cyanide AgCy. 

Mercuric cyanide HgCy,. 

Aureus cyanide AuCy. 

Cuprous cyanide 'QuIJuj^, 

Ferrous cyanide ^^^J^- 

Cobaltous cyanide OoCyj. 

Double Gt/anides, 

Dipotassic zincic tetracyanide K^Zn", Cy^. 

Dipotassic cadmic tetracyanide K,Cd", Cy^. 

Dipotassic nickelous tetracyanide K^Ni", Cy^. 

Potassic argentic dicyanide KAg, Cy^. 

Potassic aureus dicyanide KAu, Cy,. 

Potassic auric tetracyanide KAu'"Cy^. 

Dipotassic cuprous tetracyanide K^C\i\, Cy^. 

Dipotassic platinous tetracyanide K,Pt", Cy^. 
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Tetrapotassic diplatinic decacyanide K^/Pf'^Cjio- 

Tetrapotassic ferrous hexacyanide. (Po- 

tassic ferrocyanide.) K^Fe"Cye. 

Hexapotassic diferric dodecacyanide. (Po- 

tassic ferricyanide.) Kg, Te"'aCyij. 

Hexapotassic dicobaltic dodecacyanide. 

(Potassic cobalticyanide.) K^, 'Co"'2Cy,j. 

Hexapotassic dichromic dodecacyanide ... K^/CT"'jfiyi^. 

Hexapotassic dimanganic dodecacyanide. . . Kg'Mn"'a, Cyij,. 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates : — 

KCy + O «= CyKo. 

Potassic Potassio 

. cyanide. cjanate. 

Some of the single cyanides, as potassic cyanide, are readily 
decomposed by acids ; others, as ferrous and aurous cyanides^ 
may be boiled with moderately strong acids without decom- 
position. 

Most of the insoluble single cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called easily 
decomposable cyanides^ and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K^,Pe"Cy„ and the potassic ferricyanide 
K.,'re"',Cy„. 
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POTASSIC FEEBOCYANIDE. 

K„WCy,orK,Cfy. 

Preparation, — 1. By placing a mixture of iron filings with 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

Fe + 6KCy + OH, + O = K,Pe"Cye + 2KHo. 

Potassic Water. Potasdo Potassic 

OTanide. ferrocjanide. hydrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

PeS" + 6KCy = K.Fe'Cy. + SK,. 

FerrooB Potassic Potassic Potassic 

sulphide. cyanide. ferroi^anide. sulphide. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate and iron filings in 
iron vessels, lixiviating the resulting mass with water, and crys- 
tallizing. 

Beactions, — 1. Potassic ferrocyanide, when fused with po- 
tassic carbonate, forms potassic cyanide and cyanate : — 

Fe"CyeK, -h OOKo, = 6KCy + CyKo -f Fe -h CO,. 

Potassic Potassic Potassic Potassic Carbonic 

ferrocyanide. carbonate. cyanide. emanate. anhydride. 

2. By mixing solution of potassic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Fe"CyeK, + 4HC1 = 4KC1 -h Fe"CyeH,. 

Potassic Hydrochloric Potassic Hydroferroojanic 

ferrocyanide. acid. chloride, acid. 

3. Potassic ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

Fe"CyeK, + SO.Feo" = Fe"CyeFe"K, 4- SO^Ko,. 

Potassic Ferrous Light-blue Potassic 

ferrocyanide. sulphate. precipitate sulphate. 
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4. With ferric salts it gives prussiaa blue : — 
3re"Cy,K, + 2Pe,Cle = 3re"Cy^ Te'",Cy,, + 12Ka. 

Potassio Ferric Pnusian blue. Potassio 

ferrocyunide. chloride. chloride. 

5. With cupric salts it gives a red precipitate of cupric ferro- 
cyanide :— 

K^^FeXye + 2SO,Cuo" = Cu"^e"Cy, + 2SO,Ko,. 

Potassic Cupric Cuprio Potassic 

ferrocjanide. sulphate. ferrocyanide. sulphate. 



POTASSIC FESBICTAinDE. 

K,'Fe";Cy„ or K.Cfdy. 
Preparation. — By the action of oxidizing subBtances, such as 
chlorine and nitric acid, on potassic ferrocyanide : — 

2K:^e"Cy. + CI, = K'Fe"',Cy.. + 2KC1. 

PotasBic PotasBio Potassio 

ferrooTanide. ferriojanide. chloride. 

BeacUon. — Potassic ferricyanide produces no precipitate with 
solutions of ferric salts, but causes a deep-blue precipitate with 
ferrous compounds : — 

K'ere'",Cy^ + 3SO,Feo" = Fe'V^e^'^Cy,, + 3SO,Ko,. 

Potassio Ferrous sulphate. Tumbull's blue. Potassic 

ferricTanide. sulphate. 



OTHEB COMPOUNDS OF CTATOGEN. 

There are three isomeric chlorides of cyanogen : — 
CyCl. Cy.Cl,. Cy,^. 

Chweous. Liquid. Solid. 

The molecular volume of all three cyanogen chlorides is I I L 

1 litre of gaseous cyanogen chloride weighs 61'5 criths. 

1 litre of vapour of liquid cyanogen chloride weighs 123 „ 
\ litre of vapour of solid cyanogen chloride weighs 184'5 „ 

Cyanogen produces, with hydroxyl, three isomeric acids and 
an isomeric neutral body : — 
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Gjanicacid CyOH or CyHo. 

Cjanuric acid CyaOjHg or CygHo,. 

Fulminuric acid CjfisS-s or Cy^Koy 

Cyamelide Cy^O^H^ or Cy„Ho„. 

When potassic cyanide is boiled witli sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 

CyK + S =x CyKs. 

Fofeudo Potassio 

cyanide. solphocTanate. 

This compound produces with ferric salts a blood-red colour. 



OXATTL. 

rcoHo 

tOOHo- 

This radical, in the isolated condition, constitutes dry oxalic 
acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one atom of oxatyl are monobasic, those contain- 
ing two atoms arp dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 





.w.> fCOHo 
"«^lCOHo- 

Oxatyl. 
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In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being datu- 
rated by three atoms of hydrogen. In cyanogen the carbon atoms 
are united in the same manner, but the three remaining bonds 
of each carbon atom are saturated by triad nitrogen ; whilst in 
oxatyl the three remaining bonds are saturated with the dyad 
oxygen and the monad radical hydroxyl. 

Oxatyl has not been united with chlorine to produce oxatylic 
chloride (COHoCl) ; nor has its hydroxyl been replaced by chlo- 

{COOl 
CO CI' ^^®^ treated with phosphoric chloride, 

it yields carbonic oxide and carbonic anhydride : — 



{cOHo + ^^^» = CO + CO, + 2HC1 + POCl,. 

Oxatyl. Phosphoric Carbonic Carbonic Hydrochloric Phosphoric 

chloride. oxide. anhydride. acid. oxytiichloride. 



OXALIC AC!ID. 

Occurrence. — In the form of tTie hydric potassic salt in Oxalic 
acetosella, and in the form of different salts in many other 
plants, and also in the animal organism. 

Preparation. — 1. Prom its elements through the medium of 
cyanogen. (See p. 222.) 

2. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water : thus sugar is transformed into oxalic acid 
by the action of nitric acid. 

3. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transformations, — 1. By the action of heat, oxalic acid is trans- 
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formed into carbonic anhjdride and oxatjlic hydride, or formic 

acid : — 

fCOHo _ no J- /H 
\COHo - **"» + jCOHo- 

Oxalic acid. Carbonic Formic add. 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide ; — 

tCOHo 

Formic add. Water. Carbonic 

oxide. 

2. Substances having a strong attraction for water, as sul- 
phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride : — 

rCOHo 
tOOHo 



OH, + CO. 



CO + CO, + 



Oxalic add. 



Carbonic 
oxide. 



Carbonic 
anhydride. 



OH, 

Water. 



+ 2KHo = 2COKo. + H, 



3. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

fCOKo 
\COKo 

Potaaaic Potaasic Fotaasic 

oxalate. hydrate. carbonate. 

4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

f COAgo 
\ COAgo 

Argentic Carbonic 

oxalate. anhydride. 

Salts of Oxalic acid, — Oxalic acid forms three series of salts: 



2O0, + Ag,. 



NonnaL 
fCOKo 
\ COKo- 



fCO 

too 



Bao" 



Acid. 
JOOHo 
\ COKo- 

rCOHo 

CO 
'I Bao" . 
I CO 
l^COHo 



Superadd. 
fCOHo fCOHo 
\COKo' tCOHo- 
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OXAHIC ACID. 

f CO(N"'HJ f COAd 
\Coko °''tcOHo- 

JPreparation. — By heating hydric amnionic oxalate to 230^: — 

fCO(N^H,0) _ fCO(N"'HJ , og 
jCOHo = jCOHo + °^»- 

Hydrio ammonio Ozamic acid. Water, 

oxalate. 

Beaction, — ^By boiling oxamic acid witli water it is retrans- 
formed into hydric ammonic oxalate. 

OXAHIDE. 

fCO(N'"HJ rCOAd 
\CO(N"'H,)^'^\COAd- 

JPreparation. — 1. By distilling normal ammonic oxalate : — 

rco(N-H,o) _ „Q^ . rco(N"'H,) 
tco(N<o) - ^"^^ + \co(N"':^X 

Normal ammonic Water. Oxamide. 

oxalate. 

2. By acting upon ethylic oxalate by ammonia : — 
fCOEto . 2NH - /CO(N"'H,) . „t^„ 

Ethylic Ammonia. * Oxamide. Alcohol, 

oxali^. 

Beactions. — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

fCO(N'"H,) _ „Q^ . rCN"' 
\CO(N"'H,) = 2^^^ + |CN"" 

Oxamide. Water. Cyanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts: — 

Oxamide. Salphnric aoid. Water. Oxalic acid. 

+ SO,(N-H,0), 

Ammonic sulphate. 
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Bj distilliog the oxalates of the compoand ammonias instead 
of ammonic oxalate, compound oxamides are obtained: — 



fC0(N''M:eH30) 
tOOCN^'MeHjO) 

MethyUmnumic ozaUte. 

f CO(N'PhH,0) 
t CO(N'PhH,0) 

Fhenjlammonio oxalate. 



= 20H, 

Water. 

= 20H, 

Water. 



rCO(N"'MeH) 
\ CO(N"'MeH)- 

Dimethyloxamide. 

fCO(N"ThH) 
t CO(N"ThH)' 

Diphenjloxamide. 



CHAPTER XXIX. 

HYDBIDES OP THE COMPOUIO) RADICALS. 

This family is divided into two classes : — 

Class I. Hydrides of the Basylous or Positive Eadicals. 
Class * II. Hydrides of the Chlorous or Negative Eadicals. 



Class I. 

KTDBIDE8 OF TJIJS BASTLOUS OB BOSITIVE 
BABICALS, 

Two series of hydrides belonging to this class are well known . 
they are : — 

1. Hydrides of the Radicals of the Methyl series. 

2. Hydrides of the Radicals of the Phenyl series. 



I. STDBIBm OF THE BAJDICALS OF THE 
METHYL SEBIESy Marsh-gas, or C„H2n+a Series. 

There is some difference of opinion as to whether these com- 
pounds are identical or isomeric with the radicals of the methyl 
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series. Thus methyl and ethylic hydride both contain C^Hg, 
and ethyl and butylic hydride both contain 0^11^,. The graphic 
formulae exhibit no difference between these pairs of bodies re- 
spectively. Thus : — 



©-; 




©- 




If ethyl or ethylio hydrida. Ethyl or butylic hydride. 

These formulae do not show us whether the molecule of 
methyl or ethylic hydride will separate at a and so berepresented 

by the formula \ jr «^ ^ ; or at b, and so be written thus, 



CH, 



IH 



1 CH' ' ^^ whether the molecule of ethyl or butylic hydride 
will separate at e and so be formulated j tt^ * ''^ » ; or at d, 

when it should be represented by \ nrc'K^'H.^' ®^™® experi- 
ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation, — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals:— 



Zn(C„H2„+,), -f- 



Zino compound 
of radicaL 



20H, = 

Water. 



ZnHo, -f- 



Zindo 
hydrate. 



Hydride of 
radicaL 



The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
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methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc: — 



Iodide of the monad Zincio Djad Hydride of 

ndicaL iodide. radical. monad radioaL 

Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Character, — They are aU distinguished by their great chemical 
indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c. 

The following list contains the hydrides of the monad radicals 
at present studied : — 

Boiling-points. 

Methylio hydride, or Marsh-gas MeH or C H^ 

BthyUc hydride EtH or C^ H^ 

Propylic or tritylic hydride PrH or Cg Hg 

Butylic or tetry lie hydride BuH or .C^ Hj^ slightly above O* 

Amylic or pentylic hydride AyH or Cj Hjj 30® 

Hexylic or caproylic hydride CpH or Cg Hj^ 68° 

Heptylic hydjride C^ H,, 92-94° 

Oc^lic hydride Cg Hig 116-118° 

NonyUc hydride C^ H^o 136-138® 

Decatylic hydride ^io'^22 160-162° 

Endecatylic hydride CnHj^ 180-184° 

Dodeoalylic hydride CiaH^e 196-200° 

TridecatyUc hydride ^u^^ 216-218° 

Tetradecatylic hydride Ci^Hgo 236-240° 

Pentadecatylic hydride CijHsa 255-200° 



METHTLIC HTDBIDE, Marsh-gas, Light CarJmreUed 

Hydrogen, Mre-damp, 

CH^ or MeH. 
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Molecular weight ^IQ, Molecular volume m . llitre weighs 
8 criths. 

Occurrence. — 1. As a product of the decomposition of organic 
substances out of contact with air. 

2. Evolved in coal-mines. 

8. The gas of the mud- volcano at Bulganak in the Crimea 
is nearly pure marsh-gas. 

JPreparation, — 1. By the action of water on zincic methide. 
(See general reaction, p. 233.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

{cOKo + KHo = COKo, + CH,. 

Potassic Potassic Potassic Meth^lio 

acetate. hydrate. carbonate. hjdnde. 

3. By the redi;iction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 

CCl, -f He .= 4HC1 + CH, 

Carbonic Hydrochlc 

chloride. acid. 



Carbonic Hydrochloric Methylic 

' ' * " ■ ' hydride. 



CHCl, + H. = 3HC1 + OH,. 

Chloroform. Hydrochloric Methylic 

acid. hydride. 

4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

CS", -I- 2SH, + 4Cu = 4CuS" -f- CH,. 

Carbonic Sulphuretted Oupric Methjlic 

disulphide. hydrogen. sulphide. hydride. 

6. By the destructive distillation of organic substances, such 
as wood, coal, &c. 

Beaction. — ^When equal volumes of methylic hydride and 
chlorine are exposed to diffused daylight, methylic chloride is 
formed : — 

CH, -f CI, = HCl + CH3CI. 

Kethy^lio Hydrochloric Methylic 

hydride. add. chloride. 
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ETHTLIC HTDBIDK 

C,H, OP CMeH,. 

Molecular weight =30. Molecular volume QU. 1 litre weighs 
15 eriths. 

Preparation, — 1. By the action of water on zincic ethide 
(see p. 233). 

2. By the action of ethylic iodide on sodic ethide, ethylene 
being simultaneously produced : — 

CMeH,]^a + CMeH,! = Nal + C,H, + CMeH,. 

Sodio ethide. Bth^lio Sodio Ethylene. Eth^rlic 

iodide. iodide. hydride. 

Beactions, — 1. When equal volumes of ethylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place : — 

CMeH, + CI, = CMeH^Cl + HCl. 

Ethjrlio ^ Ethylic Hydrochloric 

hydride. chloride. ftcid. 

A small portion of the body CMeHaCl is ordinary ethylic 
chloride, which is a liquid, boiling at 12°*5 ; but the rest is a gas 
which does not condense at — 18^. 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of diffused daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed ; — 

CMeH, + 2C1, = C^H.Cl, -h 2HC1. 

Ethjrlic Hydrochloric 

hydride. acid. 



AlCTLIC H7DBIDE. 

CjHi, or CBuHg. 

Molecular weight =72. Molecular volume fTI ^ 1 ^*^^ of 
amylic hydride-vapour weighs 36 eriths. Boils at 80®. 
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Occurrence, — In petroleum and coal-oil. 
Frepa/ration, — By digesting zinc and amylic iodide with 
water or alcohol at 100° : — 

2CBuHJ + 2Zn + 20H, = 2CBuH, 

Amylic Water. Amjrlio 

iodide. hydride. 

+ ZnHoj + Znl,. 

Zinoic Zinoio 

hydrate. iodide. 



PARAFFIN. 

This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
head coal and similar substances. It is also found in petro- 
leum and asphalt. If chlorine be passed into melted paraffin, the 
latter is slowly attacked, hydrochloric acid being evolved. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it was 
formerly considered to belong. In the formula C„H2«+2 for 
paraffin, the value of n has not yet been satisfactorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. HTDEIDES OF THE JBADICAL8 OF THE 
FHENTL 8EBIES, 
The following five members of this series are known, viz. : — 

BoiUng- 
Formula. point. Sp. gr. 

Benzol CeH^ 80-5 085 

Toluol C.Hg 1100 0-87 

Xylol CgHj, 128-5 

Cumol C,Hi3 148-5 0*87 

Cymol C.oHi^ 171-4 0-86 

preparation. — 1. These hydrides are produced by the distilla- 
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tion of the alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydirate : — 



{c"^o-' + KS« = 


= COKo, + 




PotaadcMat PotMsio 


Potasrio 


Hydride of 


hjdnte. 




radioaL 



2. By the destructive distillation of various organic sub- 
stances, such as coal. 

Properties. — These hydrides are distinguished from those of 
the radicals of the C«Han+i series by being less indifferent to 
chemical agents. By treatment with strong nitric acid they 
yield nitro-compounds : — 

Thus Benzol, C^ H;,, gives nitrobenzol, C^ H^ (N^OJ. 
„ Toluol, C^ He, „ nitrotoluol, C^H,(N"OJ. 
„ Xylol, C3H,,, „ nitroxylol, C,H,(N-OJ. 
„ Cumol,CgHjj, „ nitrocumol, CgHii(N^Oj). 
„ Cymol,CioHi„ „ nitrocymol, CioHisCN^O.)- 

Under the influence of reducing agents, these nitro-com- 
pounds yield aniline and its homologues. 



BENZOLi Benzene, Benzine, Bhenylic Hydride, 

Bicarhuret of Sydroffen, 

CA or C(C.H3)H., or PhH. 




Molecular weight =78. Molecular volume rTI * 1 litre of 
benzol-vapour weighs 39 criths, Fuses at 5^*5. Boils 
at SQP'5. 
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Occurrence, — ^In Rangoon petroleum and in coal-tar. 
Preparation, — 1. By heating benzoic acid with excess of lime 
or baryta : — 

{oS£'^^' + C*0 = {C(CA)H, + cocao". 

Benzoic add. Lime. Benzol. Calcic carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

{COH^^^' = °0, + 0(C,H3)H,- 

Benzoic add. Carbonic Benzol, 

anhydride. 

3. By heating phthalic acid with lime : — 

Cfifi, -h 2CaO = C,H, + 2COCao". 

Fhthalio Lime. BenzoL Caldc 

add. carbonate. 

4. By passing fats through red-hot tubes. 

5. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION DEBIVATIVES OF BBNZOt. 
I. Bromo Comypovmds, 
MONOBROMBENZOL. 

CeH,Br. 
BoiUat'l^^f. 

Br&paration, — By acting with two atoms of bromine on boil- 
ing benzol : — 

CeH, + Br, = CeH,Br + HBr. 



BenzoL Monobrombenzol Hydrobromio 

orphenv" 
bromid 



or phenvlio add. 

' lide. 



DIBEOMBEKZOL. 

CABr.. 
IhueB at 89°. BoiU at 219*^. 
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Freparation, — Bj treating monobrombenzol with excess of 
bromine. 



TBIBROMBEKZOL HTDBOBEOHATE. 
CeHeBr,. 
Preparation. — By exposing a mixture of benzol and bromine 
to the action of sunlight. 



TBIBBOHBENZOL. 
CeH3Br3. 

Preparation, — ^By boiling the previous compound with alco- 
holic potash. 

The following graphic formulas show the probable atomic 
relations subsisting between benzol, tribrombenzol hydrobro* 
mate, and tribrombenzol : — 




Benzol. 




Tribrombenzol. 



NITROBENZOL. 241 

H. CfhlorO'Compounds. 

Benzol forms three chloro- substitution compounds, similar to 
the bromo-compounds just described. 

State of Fnmiiff- BoUing* 

aggregation. point point Sp.gr. 

Monochlorbenzol... CeHjCl, Liquid... 136° 

Dichlorbenzol C^H^C],, SoKd ... 89°. 

Trichlorbenzol O^B^Gi^, Oily ... 210° 1-457. 

in» j^tro-compounds. 

Two only have hitherto been produced. 

Nitrobenzol CeH.(N^O^ or N(CeH,)0,. 

Dinitrobenzol CeH,(N^O^, or N,(CeH,)"0,. 



NITROBENZOL. 

N(CeH,)0, or NPhO,. 

Molecular weigJit =123. Molecular volume I I 1 . 1 litre of 
nitrdbenzol vapou/r weighs 61*5 criths. Fuses at 3°. 
Boils at 220°. 

Preparation, — By the action of nitric acid on benzol : — 

C(C»H3;H3 + NO,Ho = N(CeH«)0, + OH,. 

BensoL Nitric add. NitrobenzoL Water. 

Beactions. — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron, or potassic arsenite, nitrobenzol is con- 
verted into aniline : — 

N(C,H,)0, + 3SH, = N(CeH,)H, + 20H, + S3 
or C,H,(N-0^ + 3SH, = CeH.(N'"H,) + 20H, + S3. 

NitrobenzoL Sulphuretted Aniline. Water, 

hydrogen. 
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The relation between nltrobenzol and aniline will be seen in 
the following graphic formula : — 




2. By the action of sodium amalgam and water, nitrobenzol 
is converted into azobenzol, and finally into benzidine : — 



2N'(C.H.)0, 

NitrobenioL 

../N(C,H.) 
IN(C.H.) 

AsobenioL 



+ H. 



+ H. 



";n(c.h.) 

IN(C.H.) 

Azobensol. 

fN(C.H,)H 
tN(C.H.)H- 

Benndine. 



40H,. 

Water. 



DINITBOBENZOL. 
N,(C,HJ'0,. 
Fmes below 100°. 

Freparatian. — By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

BeacHon, — ^By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 



N,(C.H,)"0, 

DinitrobensoL 



+ 3SH, 

Sulphuretted 
hydrogen. 



= u^A)" 



+ 20H, + S,. 

Nitraniline. Water. 
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Class Hi 

HYDBIDUS OF GHL0B0TT8 OB NEGATIVE 

RADICALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oxatylic hydride or Eormic acid. 

The first has already been considered (p. 228) ; and the second 
will be more conveniently studied in connexion with the fatty 
acids (p. 304). 



CHAPTER XXX. 

THE ALCOHOLS. 



The alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the sub- 
stitution of one atom of hydroxyl for one of hydrogen. 



CH,. 


CH,Ho. 


® 


® 


H£)-0 


®-^)-(3)-® 


Himh-gw. 


MetbyHo alcohol. 



The alcohols have been termed the hydrated oxides of the 
basylous radicals ; but this is erroneous, as they do not contain 
water. . They may more correctly be defined as the compounds 
of hydroxyl with the basylous organic radicals, whence it 
follows that each series of basylous radicals forms a correspond- 
ing series of alcohols. The alcohols act upon and saturate 
acids, forming a family of compounds termed ethereal salts, 

m2 



244 



THE ALCOHOLS. 



The acidity or acid-saturating power of tlie alcohols depends 
upon the number of atoms of hydroxyl which they contain : 
the monad radicals give monacid alcohols, the dyad radicals 
diacid alcohols, &c. We have thus the annexed three principal 
subdivisions of the alcohol family. 



Monacid. 
Methyl or C^Han-iHo 

series. 
Vinyl or CJBEsn-iHo 

series. 
Hienyl or C„H2»_7Ho 

series. 



Diadd. 
Glycol or C«H2»Ho, 



Triadd. 
Glycerin opCnH2»i-iHo3 



The following symbolic and graphic formulcB will exemplify 
the arrangement of the bonds in these three subdivisions : — 

Monacid Alcohols, 

PropyHc alcohol. \ _ n tttt^ ^i. J C(CH3)H, 
{Ethyl series,) \ = ^aH^o or |cH,Ho ' 




Allylic alcohol. 
{Vinyl series.) 



} - O.H.H,o, [•^■^. 




Benzoic alcohol. 1 mr tt^ «. / C(C.H,)H, 

{FlienyUeries.) ] = °^^^°°'tCHX 




Propylenic alco 
hoi, 
glycol 



MONACID ALCOHOLS. 

Diacid AleohoU, 
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yrlenic alco-1 rr*/nTr\Tnr 

,orpropyKcl « C3H,Ho, or { gg^)™^ 
col J ^ 



Glycerin 




Triadd Alcohols, 

fCHHo 

= C3H,Ho, or^CHHo. 

lCH,Ho 




MONAOID ALCOHOLS: 

Methyl or C„H2^iHo series. 

These alcohols may be divided into three classes viz. :— 



1. Monacid normal alcohols 

2. „ secondary „ 

3. „ tertiary „ 



t CH,Ho 
tC(C^H^+,)HHo- 

1 Cr(C,„H2,^l)3. 



In the general formula of the normal alcohols n may sQ, 
and even the whole radical C(C„Ha^i)H3 may be replaced by 
hydrogen, as is the case in methylic alcohol. In the formnlaB 
of the secondary and tertiary alcohols n may also s=0, but m 
must always be a positive integer. 
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NORMAL MONACID ALCOHOLS. 
General formula { CH H^r"'^^* 
The following is a list of the members of this class : — 



H 
CHaHo 



points. p<Hnt8. 



Methjlic alcohol \ 

Ethylic alcohol {c^Ho " '^^'''^' 

^r^r:..^!!..^{^5o or {g^^^^^ — 1090. 

CaproyUc or hexyHc (CBuH, rC(CJa:,)H, 

alcohol ICHjHo ^^ ICHJHo 

(Enanthylic or heptylic f CAtHj f C(C5H2i)H2 

alcohol ICa^Ho orioHaHo 

Caprylic or octylic al- fCCpHj ^^ (CiCMi^E^ 
iohol ICE^Ho or tcH,^o 

Cetylic alcohol [cS^^^^ 49^-^50^ 

Cerotic alcohol (Sff^"^^ 79°. 



11%^ 



.CH^Ho 
Melissic alcohol fSw^''^^ 85°. 

The lower members of the dass are liquid, and the higher 
solid. There is a rise of about 19® in the boiling-point for 
every addition of CH^. They are produced in a variety of 
operations, such as destructive distillation, fermentation, and 
animal secretion, but by reactions which cannot usually be 
traced. 

Belations of the normal C^Hj^iHo alcohols to the monad C^2ih-i 

radicals, 
1. The radicals C^a»+i which are combined with hydroxyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 288), and subsequently acting on 
the iodide by zinc (see p. 209). 
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2. The radical next lower in the series, than that contained in 
tlie alcohol, may be obtained by converting the alcohol into the 
corresponding &tty acid, and then submitting a salt of this acid 
to electrolysis (see p. 209). 

8. Inversely, the normal alcohols may be obtained by acting 
upon the radicals with chlorine under the influence of light, when 
one atom of hydrogen in the radical is displaced by chlorine. 

Thus in the case of methyl we have 

{c5 + «, - {g^ci + ^^'' 

Methyl. Chlorinated Hydrochloric 

methyL add. 

by the action of potassic hydrate upon this chlorinated me- 
thyl, ethylic alcohol is formed, thus : — 

{c|ci + KHo = (gg^^ + KCl. 



rina 
methyL hydrate. alcohol. chloride. 

This reaction requires further investigation (see p. 248). 



Chlorinated Potassio Ethylic Potaseic 

xmol. 



JSelations of the normal C^Hj^iHo alcohols to the dyad C^Hj^ 
radicals. 

1. The C^Hs^ radicals are obtained from the normal C^H^^iHo 
alcohols by the abstraction of the elements of water : — 

EthTUc Water. Ethylene, 

aloonol. 

2. Inversely, the normal alcobols are obtained from these 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the product with 
potassic hydrate : — 

"{c?: + «« = {ci:ci- 

Ethylene. Hydrochloric Ethylic 

add. chloride. 

(c^ci + KHo = {gg^^ + m. 

Ethylic Fotatsic Ethylic Potassic 

chloride. hydrate. alconoL chloride. 
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Or by uniting the dyad radicals with sulphuric acid, and 
distilling the product with water : — 

SO,Ho, + CA « SO,Ho(C,H,0): 

Snlphnrio Ethylene. Solphofiiuo add. 

•Old. 

SOjEtoHo + OH, = SOaHo, + EtHo. 

SnlphoTinio Water. Snlphnrio Ethylio 

add. add. alcohoL 



BeloHoM ofthd normal CMHsn+iHo alcohols to the hydrides 
of the QJ^^^x radicals, 

1. When the alcohols are converted into iodides (see p. 283) 
and the latter digested with zinc and water at 100°, the corre* 
spending hydrides are produced (see p. 237). 
. 2. When the hydrides of the C^Hj,^.i radicals are acted 
upon by chlorine under the influence of light, they produce 
the chlorides of the radicals, from which the alcohols may be 
obtained by the action of potassic hydrate : — 

EtH + CI, = EtCl + HCl. 

Ethjrlio Ethylio Hy;drochlo- 

hydride. chloride. ric add. 

EtCl + KHo = EtHo + KCl. 

Ethylio Potassic Ethylio Potassic 

chloride. hydrate. alconoL chloride. 

The greater quantity of the chlorine compound so formed is 



isomeric with the chloride of the radical, and possibly gives a 
corresponding isomeric alcohol. 

delations of the normal C^^i^^o alcohols to the radical eya- 
nogen. Ascent of the alcohol series, Mendius^s reaction. 

By the dry distillation of potassic sulphovinate audits homo- 
logues with potassic cyanide, the cyanides of the radicals are 
produced: — 



SOjEtoKo 


+ KCy = 


= SO,Ko, 


+ EtCy. 


Potassio 


Potassic 


Potassic 


Ethylio 


snlphovinate. 


cyamde. 


sulphate. 


cyanide. 
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By treatment with nascent hydrogen, this cyanide is con- 
verted into propylamine ; — 
NC(CMeH,) + H, « N[C(CMeH,)HJH, or NPrH,. 

Ethjlio cyanide. Propylamine. 

By the action of nitrous anhydride, propylamine is trans- 
formed into propylic alcohol : — 
2NPrH, + N,03 = 2PrHo + OH, + 2N,. 

Ppopyiamine. Nitrons Propylic Water, 

anhydride. alconoL 

It is obvious that by repeating these reactions on propylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. 



METHYLIC ALCOHOL, Wood Spirit, JByroxylic Spirit. 
CHgHoorMeHo. 
Molecular weight =32. Molecular volume 111 . 1 litre of 
methylic alcohol vapov/r weighs 16 criths. 8p, gr, 0*798. 
Boils at 66°-6. 
Preparation, — 1. From marsh-gas, by the action of chlorine 
and subsequent treatment with potassic hydrate : — 

CH, + CI, = CH3CI -f HCl; 

Marsh- MethyUo Hydrochlo- 

gas. ohlonde. rio acid. 

OH3CI + KHo = OH3H0 + KCl. 

MethyUo Potassic Methylic Potassic 

chloride. hydrate. alcohol. chloride. 

2. Prom the essential oil of Gaultheria procumbens, by the 
action of potassic hydrate — 

C,H,OMeoHo + KHo = C,H,OHoKo + MeHo. 

Oil ot Gkitdfheria pro- Potassic Potassic salicylate. Methylic 

cwnibens, (Metno- hydrate. alcohoL 

salicrrlic acid.) 

3. By the destructive distillation of wood. 

Beactions. — 1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, as, for instance, — 



CaCl,, 2MeHo. 



m5 
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2. By the action of potassium and sodium, methjlates are 
formed with elimination of hydrogen : — 

OH,Ko. CHjNao. 

FotMtto Sodio 

methylftte. methylate. 

3. By oxidation it is transformed into formic acid : — 

(Sh,Ho + 0« =• (?OHo + O^- 

Methylio Fonnio »ai. Water. 

alcouoL 

4. When distilled with calcic chloro-hypochlorite (chloride af 
lime) and water, chloroform is produced. 

^OaCl 

O 

Ca" 
20H,Ho + 4Oa(0a)Cl = 20HC1, +< O + 30H,. 

Ca" 

O 
.Oaa 

Methylio Caldo ohloro- Chloroform. Caloioozy- Water. 

alcohoL hypodilorite. ddoride. 

ETHTLIC ALCOHOL, Alcohol, Spirit of Wine, 

{ch:ho^^^^^- 

Molecular weight =46. Molecular volume 111 . 1 litre of 
ethylie alcohol vapour weighs 23 criths. Sp. gr. 0*792 at 
20°. BoiU at 78°-4. 
Frepa/ration, — 1. From ethylene (p. 247). 
2. By the fermentation of grape-sugar with yeast at about 
22°:— 

C.H,,Oe = 2C,H,Ho + 2C0,. 

Grape-BOgar. Ethrlio Carbonic 

aloonoL anhydride. 

At the same time, however, other prod^cts are formed, but 
in very small quantities. 

Meactiom, — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 

fOH, roH. 

tOHjKo- tC^Nao- 

Fotassio Sodic e^ylate. 

ethylate. 



Oil, 


+ 


H, 


+ CO. 


Marsh. 






Carbonic 


gas. 






oxide. 
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2. When passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 

C,H,Ho 

EthyUc 
alcohol. 

Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 

{^Ho + O = (o5k + OH, 

Ethylic Aldehyde. Water. 

alconoL 

{^H + . {g=fe. 

Aldehyde. Acetic acid* 

4s. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholates are salts containing alcohol in the place of water 
of crystallization; they are mostly decomposed immediately by 
water. 

The following are known : — 

ZnCl,, 2C,H,Ho. 
CaCl„4C,H,Ho. 
N,0,Mgo", 6C,H,Ho. 



MEBCAPTAKj Sulphttr Alcohol, Ethylic mlphhydrate^ 
Syd^osulphate of Ethyl, 

Molecular weight =62. Molecular volvme I I 1 . 1 litre of 
mercaptan vapour weighs 31 criths, Sp* yr, 0*835. Boils 
a^63° 



gg'Hgs" + OH,. 
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Freparatian, — By distilling potassic sulphoviiiate with po- 
tassic sulphbydrate : — 

SO,EtoKo + KHs = EtHs + SO,Ko,. 

Potassio Poteaaio Mero«ptan. Fotaaoio 

sulphoTinate. sulphhydrate. sulphate. 

Beactions, — 1. By the action of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides : — 

fCH, fOH, 

tOH^Ks- \OH,Na8- 

PotMsio Sodio 

mercaptide. merosptide. 

2. Mercaptan acts upon mercuric oxide with great energy, a 
white crystalline mercuric mercaptide being formed : — 

Heroaptan. Heroorio Meroorio Water, 

oxide. mercaptide. 

Fropylic alcohol^ \ q^ -^^ is obtained from the fusel oil 

of the marc brandy of the south of France. 

{CPtTT 
Qg- -rj^ , is contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 
root sugar. 

Ami/lie alcohol, \ qtt tt^ is the chief constituent of the fusel 

oil obtained in the manufacture of alcohol from potatoes or 
grain. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 

SUCONDART M02U.CID ALCOHOLS. 

General formula... (g(g;^5^^^ 

The secondary alcohols differ from the normal in yielding 
by oxidation ketones instead of acids. 
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Three secondary alcohols are at present known : — 

{CH* 
OMeHHo- 

Pseudohexylic alcohol < ^^ -A^ . 

The first is obtained by the action of nascent hydrogen on 
acetone : — 



( 



OH, . H „ /OH, 

OOMe + ^ = \ OMeHHo- 

Acetone. Isopropjlic alcohol. 



The relation existing between ethylic alcohol, propylic 
alcohol, and isopropylic alcohol, will at once be evident from 
the following formulsB : — 

fOH, /0(CH,)H, fOH, 

tOH^Ho* lOH,Ho • tO(CH,)HHo- 

Etiijlic alcohol. Propylic alcohoL Isopropjlic alcohoL 

Prom these formulae it is seen that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in the methyl (or non- 
oaeygenated part of the compound) is displaced by methyl; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen, in the oxygenated part of the compound, is dis- 
placed by methyl. 

Ethylic alcohol boils at ... 78°*4 
Propylic alcohol „ ... 96 
Isopropylic alcohol „ ... 87 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-oxygenated part of the alcohol, the addition of 
CHj raises the boiling-point 17°*6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the same 
addition only raises the boiling-point 8°'6. 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
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organic adds, it will be seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed : — 



lOH,Ho 

Bthylio alcohol. 



+ o. 



OH, 
COHo 

Acetic add. 



+ OH,. 

Water. 





fO(CH,)H. o 

iOH,Ho + ^^ 

Firopylio aloohoL 



Propionic add. Water. 




OH, 



Water. 



TEBTIABT MONACID ALCOHOLS. 

^-«™^^«-^ {oEg±:;;)%- 



VINTL SERIES OF MONACID ALCOHOLS. 
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One of these alcohols has recently been obtained, but little 
is yet known of its reactions. 

Pseudohutylic alcohol, \ CL^eHo' '^^^ ^^^ produced by 
acting with zincic methide on acetylic chloride, and submitting 
the product thus obtained to the action of water : — 

{o§bl + 2ZnMe. = { g&e,(Zn"MeO) + =^«C1; 



Acetylic 
chloride. 



Zindo 
methide. 



Zindo dilor- 
methide. 



{oMe,(Zn"MeO) + ^®^« 



W»ter. 



{mit 



:e^o 



Pseudobatvlio 
alcohol. 



Methylic Zindo 

hydnde. hydrate. 





H^-® '''' (o^)^o- 



Psendolmtylio alcohol. 



CHAPTER XXXI.. 

MONACIB ALCOHOLS: 
Vinyl or C„H2n-iHo series. 
The normal alcohols only of this series are known ; and of 



256 THE ALCOHOLS. 

these but two have been obtained : — 

VinyUc alcohol -"{oHbo "'' OMe"HHo. 
AllyUc alcohol ... {^^^. 





Tinjlic aloohol. Allylio aloohoL 



VINTLIC ALCOHOL- 

Freparation. — Bj combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as in 
the preparation of ethylic alcohol from ethylene (p. 248) : — 

SO,Ho, + C,H, = SO,(C,H30)Ho. 

Snlphorio Acetylene. Snlphovinylic add. 

add. 

SO,(C,H,0)Ho + OH, = SO,Ho, + OMe'HHo. 

SolphoTinylio add. Water. Sulphnrio Yinylic 

add. alcohol. 

This alcohol is isomeric with aldehyde and with ethylenic 
oxide : — 

\CHHo tCOH ICH, 

Vinvlic Aldehyde. Bthylenic 

alcohol. oxide. 

If the above, and not j q^ ^ , be the true formula for 

vinylic alcohol, it is obvious that this body could not yield an 
acid by oxidation ; but if the latter formula represent vinylic 

{"CH 
COH ' 

homologous with acrylic acid. 



REACTIONS OF ALLYLIC ALCOHOL. 257 



ALLTLIC ALCOHOL. 

fOMe-'H .,, „ 
lOH^o 0"-AnHo. 

Boilt at 103°. 

Preparation. — Glycerin, when submitted to the action of di- 
phosphorous tetriodide, yields allylic iodide : — 

"Fa, + 2 \ Orao = 2 JOH + 2P0HH0. + L. 
[OB3H0 10HJ 

Diphoephoroos Glyoerm. Allylio Phosphorous 

tetriodide. iodide. add. 

The allylic iodide is then decomposed by argentic oxalate 
when allylic oxalate' is formed : — 

2A11I + J CO Ago _ fCOAUo . 2^ J 
2AUi + I CO Ago - jCOAllo + 2^^^- 

Allelic Argentic Allylic Argentic 

iodide. oxalate. oxalate* iodide. 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

fCOAllo 



COAllo . 2j^ - JCO(N"'H^ . 2A„H^ 
COAIlo + ^"^ " tC0(N'"BQ + 2A11H0. 

Allvlio Ammonia. Oxamide. Alljlio 

oxalate. alcohol. 

Beactions, — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation itgives acrylicacid: — 

fCMe'H . o - /CMe"H . ^^ 
tCH,Ho + ^» - \COHo + ^^>- 

AllyHo AcitKo Water. 

alcohoL add. 

2. With phosphoric anhydride it yields allylene — 

© 
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Among the ethereal salts of alljlic alcohol, the sulphide and 
sulphocyanate occur in nature as garlic and mustard oils : — 

"CMe"H 
CH, 

S" 

CMe'H 

AUylic AUyUc 

BiUphide. folphooyuiate. 

(Gkuruo oU.) (Muatard oiL) 




CHAPTER XXXIL 
MONACTD ALCOHOLS: 



Phenyl or C„Hs,»_7 series. 

These alcohols may be divided into a normal and a secondary 
class. The members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit slightly acid characters. 



Class I. Normal Alcohols. 

General formula ( CH H^'"^^^^'" 

Normal phenylic alcohol. . . \ q^ ^^ *. 
Benzoic alcohol* | §^£^^^^. 



L6-© 




SECONDAKY ALCOHOLS, PHENYL SERIES. 

CumyHc alcohol | ©ff 'ho^^' 

Sycocerylic alcohol { o^^"^^- 
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Class II. Secondary Alcohols. 
Qoneralfonnula -. {g(^g:?:::;)>&o- 

In this formula m may sQ, but n must be a positive integer. 

Phenylic alcohol. Carbo- / OH, 
Ucacid* \0(C,H)HHo- 

C^li«'^«'l»°lt {o(^J)HHo- 





(«) © 
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Class I. NORMAL ALCOHOLS. 
BENZOIC ALCOHOL. 

\CH^o 
Both at 2M,''. 

Freparation, — 1. By treating oil of bitter almonds with alco- 
holic potash: — 

Bensmo aldehyde. Fotaasio Bensoio alcohoL Potassic 

(Oil of bitter hydrate. bensoate. 

almonda.) * 

2. Benzoic alcohol may also be obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine — - 

TolnoL Tolaylio chloride. Hydrochloric 

(Toluylic hydride.) add. 

and then submitting the toluylic chloride to the action of po- 
tassic hydrate : — 

Tolujrlic Potaasic Benzoic Potassic 

chloride. hydrate. alcohol. chloride. 



Class H. SHCOJWABT ALOOSOLS. 
PHENTLIC ALCOHOL, Oarholie Acid, PAenylic Aeid. 

Molecular toeiffht =94. Molecular volume QH- 1 ^»^^« of 
phenylic alcohol vapour weighs 47 criihs. Sp. gr. 1065 at 
18^ Fuses at 34° Boils at 188^. 
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Occwrrence. — ^In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 

Preparation. — 1. By the distillation of salicylic acid with 
baryta or lime : — 

|OggC.H,HJ=H« . |0^__^^^ ^ „0_^ 

Salicylic Phenylio Carbonic 

acia. alcohol. anhydride. 

2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

3. PhenyHc alcohol is formed when the vapour of ethyHc 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
purely mineral sources. 

4. Phenylic alcohol is formed when aniline hydrochlorate is 
treated with potassic nitrite : — 

NPhH3Cl + NOKo = PhHo H- KCl + OH, + N,. 



Potascdo Phenylic Potassic Water, 

hydrochlorate. nitrite. alcohoL chloride. 

Eeaciions, — ^Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples : — 

DichlorphenyHc acid | c(C%HHo- 

TrichlorphenyHc acid { c(C,H)HHo- 

Perchlorphenylic acid { C( C CI) ClHo* 

Bromphenylicacid {o(d,H)HHo- 

Nitrophenylicacid {g5f5)Hio- 

DixutrophenyUcacid {gj^^^o- 
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Trinitr(q)henylic add. {Pierie f C(N'Oj), 
Mid.) \ 0(C,H)HHo- 

Amidodinitrophenylic add. f 0(N'0,),(N"'H,) 
{Pieromie acid.) \ 0(C^H:)HHo 



CBESTLIC ALCOHOL. 

JOMeH, 

t C(C.H)HHo' 

BmU at 204°. 

This alcohol is verj little known ; it is isomeric with benzoic 
alcohol 



Gleneral formula... | rj*H*Ho' 



CHAPTER XXXm. 

DIACID ALCOHOLS or QLT00L8. 

..Ho 

The following is a list of the glycols at present known : — 

Boiling-pointB. 

^'^ir.^'^lcAO.orjgl^i^ 197»-6. 

PropyUc glycol... C,H.O, or jgg^^^j^** ISS'-ISS". 
Butylic glycol ... C,H„0,or {§^2?° ISS'-lSf. 

Amylic glycol ... C.H,Aor {oh™° 177». 

The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are probably secondary glycols, as shown in the above 
formula. 



GLYCOLS. 
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Methylic glyeol lias not been obtained ; and although a sub- 
stance of the same composition might exist, yet it would not 
be strictly homologous with the ethylic and propylic glycols, as 
will be seen fipom the following graphic representations : — 



CH,Ho 
CH,Ho- 




Bthylio gljool. 




^ fC(CH3)HHo 



CH,Ho 



Propylic gljool. 




= CH,Ho,. 



Meihylic glycol f 



In the ethylic and propylic glycols, the two atoms of hy- 
droxyl are united with different carbon atoms ; in the methylic 
glycol they would be imited with the same carbon atom. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monacid alcohols : the more 
complex substances boil at a lower temperature than the 
simpler ones. 
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GLYCOL. ETHTLIG GLYCOL, Ethylenic Alcohol. 

fCH^Ho 
tCH^o- 

Molecular weight a= 62. Molectdar volume I I I . 1 litre of 
ethylic glycol vapour weighs 31 critha, Sp, gr, 1*125. 
£oiUatl97''5. 

Preparation, — Ethylenic dibromide is treated with argentic 
acetate, and thus converted into ethylenic diacetate : — 

Ethylenio Argentic aoetete. Ethylenic diaoetate. Argentic 

dibromide. (Diacetic gljooL) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 
when it yields potassic acetate and glycol : — 

{gl::S5S:8 + «^° - {^l +«»'«oK.. 

Btbylenio diacetate. Fotaanc Glycol. Potassic acetate, 

bydrate. 

Beactione, — 1. GHycol is easily oxidized, the first product of 
its oxidation being glycolUc acid : — 

fCH,Ho . o = fCH^o . Q^ 
lCH,Ho + ^a = jcobo + ^^- 

OlycoL Glyoollic Water, 

add. 

2. By further oxidation oxalic acid is formed: — 

{g^l: + 0. - {S8?; + '°^ 

G-lycoL Oxalic Water, 

add. 

3. Oxalic acid is also produced by heating glycol and po- 
tassic hydrate together to 250° : — 

[^ + ^-^Ho . {gOg + H.. 

GlycoL Potassic Potassic 

bydrate. oxalate. 



DBEIVATIVE8 OP GLYCOL. 
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4. Treated with potassium or sodium, the hydrogen of the 
hydroxyl in glycol is replaced in two succesBiTe stages : — 



fCH^Nao 
tCH,Ho ' 

Monooodio glycol. 



fCBLNao 
\ CH,Nao- 

Diaodic 07001. 



The following list contains some of the principal derivatiTes 
of glycol: — 



f CH,Ho 
t CH,Ho- 

OlyooL 

fCH^o 
t CH,C1 • 

Chlorhydrio 
glyooL 



fCH^Hs 
t CH,Hs- 

Sulphur glycol. 

f CH.Ho 
t OH,Br 

Bromhydrio 
glyooL 



fCH,Eto 

BromeUnrlic 
glycol. 



/CH,Bto 
tCH,Ho- 

Hydrio ethylic 
glyooli. 



r CH^Eto 
tOH^Eto- 



Diethylic 
glyooL 




Cfl.-0.CMeO- 



Uonaoeti 
glyooL 




fCH^Br 
tCH,.0-CMeO- 



fCBL-0-CMeO 
°'tCH,.O.CMeO- 



K 
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■< 



rcH, 

CO 

o 

CH. 

?"• 

CO 

Aoetobo^pno glyooL 



or 



fCIL-0-CMeO 
tCH^-O-CPrO- 



Diethylenic glycol 



or 



rCH,Ho 
[CH,Ho 



POLTETHTLENIG GLYCOLS. 

Folyethylenie Alcohols, 
These bodies are produced by beating ethylenic oxide witb 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of ethylenic oxide to 
glycol. 

fCH,Ho 

W' 

l^CH^Ho 
-^CH^Ho 
CH, 

CH,Ho 
^CH,Ho 
OH, 



Triethylenic glycol ...< 



or 




Tetrethylenic glycol -^ 



^CMo 
O 






CB, 

i^CH,Ho 

Pentethylenic and hexetliylenic glycols have also beeu 
formed. 



CH,Ho 



TBIACID ALCOHOLS. 
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CHAPTER XXXIV. 

TBIACID ALCOHOLS. 

These alcohols contain three atoms of hydroxyl united with 
three separate atoms of carbon ; consequently the lowest term 
contains three atoms of carbon. 

Only two of these alcohols have been obtained : — 



fCH,Ho 

Glycerin ^CHHo. 

[CH^Ho 



Amylglycerin 



in ... \ 



CH,Ho 
CEtHo. 
CH^Ho 




The constitution of amylglycerin is not at present established. 
Its formula may possibly be 

rCEtHHo 
4CHHo . 
[CH^o 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 



]sr2 
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OLTCESDr. 

fCH,Ho 
\ OHHo . 

Soureet. — ^Most animal and vegetable fats consist of mixtures 
of the glycerin ethereal salts of the fatty and of the oleic series 
of acids. GMyoerin is liberated firom these bj water at high 
temperatures, or by bases giving salts insoluble in water: — 

fCH,-0-C(C„HJO 

\ CH -0.O(C„H„)O+3OH,= 

Stearin. Water. G-ljoerin. Stearioaoid. 

Relation of Glycerin to Isopropylie Alcohol. 

By tHe actioQ of hydriodic add, glycerin is converted into 
isopropyKc iodide : — 



if{+»(?g'Hf->=- 



CH.Ho 


fCH, 


CHHo + SHI » 


JcHi 


CH,Ho 


ICH, 


Oljraerin. HTdriodic 
•dd. 


^"^f 



+ 21, + 30H,. 

Water. 



Belation of Glycerin to Allylic Alcohol, 
When diphospliorouB tetriodide is brought into contact 
with glycerin, an energetic reaction ensues, allylic iodide being 
formed : — 

fCMo "{CH, 

'F'X + 2^ CHHo = 2 ,CH + 2POHHo, + I,. 
lCH,Ho tCHJ 

Diplioephoroas Glycerin. Allylic Fhoaphoroiia 

tetriodide. iodude. acid. 

BelaUoM of Glycerin to Propylic Glycol. 

The several atoms of hydroxyl in glycerin are capable of 
being substituted by chlorine, bromine, &c. ; thus, by the action 
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of hydrochloric acid on glycerin, one atom of hydroxyl is dis- 
placed by chlorine, monochlorhydrin being formed : — 

[CMo fCBLCl 

^CHHo + HCa =. .^CHHo + OH,. 

[CH^o [CH,Ho 

Gljcerm. Hydroohlorio Monoohlor- Water, 

add. hy^rin. 

Monochlorhydrin is identical with monochlorin^ted propjlic 
glycol :— 

ICH^o lOH,Ho 

MonoohlorhydriiL Monoohlorinated 

propjlic glycol. 

By the action of sodium amalgam and water, monoohlorinated 
propylic glycol is readily converted into propylic glycol : — 

Monochlorinated Propylic Hydrochloric 

prq[)ylic glycoL glycol. add. 

BekfHons of Glycerin to the Trihyiric Aside — Glyceric Addy 
and Tartronic Acid, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 

fCBLHo 

+ OH,. 

Water. 

A second atom of oxatyl has not been produced in glycerin, 
so as to convert the latter into a dibasic acid ; but there can be 
little doubt that tartronic acid, which is formed by the spon- 
taneous decomposition of nitrotartaric acid, is the acid in 
question, and that it has the following constitution : — 

fCOHo 
CHHo. 
COHo 

Tartronic add. 



'CH,Ho 
CHko + 


0, = 


CH^o 
CHHo 


,C.H,Ho 




COHo 


Glycerin. 




eiyoeric 
iai. 
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Belations of Glycerin to Acrylic Acid, 

By the action of substances haying an attraction for water, 
such as phosphoric anhydride or sulphuric add, glycerin is 
converted into acrolein : — 

GlyoeriiL Water. Acrolein. 

By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

fCMe"H . n _ fCMe"H 
\COH + ^ - jCOHo • 

Aoolein. Serj&s aeid. 

Both tliese reactions are accomplished aimTiltaneoasly whai 
glycerin is added to fused potassic hydrate : — 



CHko° + KHo = jcol^!? + H, + 20H, 
CH^Ho 



jCOKo 



Glycerin. Potassic Potassic Water, 

hydrate. acrylate. 



OTHER FOLTAOID ALCOHOLS. 

Mrythrite (JErythroyhicin, Urythromannite, Phycite, Pseudar- 
cin) is a tetracid alcohol, and the acid corresponding to it is 
tartaric acid. Citric acid may also be considered to be derived 
from an unknown alcohol of this series. A glance at the for- 
mulae of these alcohols and acids will show their relations : — 



CH^o fCOHo 

CHHo J CHHo 

CHHo • 1 CHHo* 

CH^o [COHo 

Eryfhrite. Tartaric add. Tetracid alcohol Citric add. 

(unknown). 



fCHHo(CE,Ho) fCHHo(COHo) 
-^CH(CH^o) . ^CH(COHo) . 
[CH,(CH^o) iCH,(COHo) 



EBYTHBIT£^ MANNITE^ AND GLUCOSE. 
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When reduced by hydriodic acid, erythrite yields butylic 
iodide : — 



CRMo 
CSlRo 
CHHo 


+ 7HI = 


40H, + 




CH^Ho 






[CH,I 


Erythrite. 


Hydriodic 
add. 


Water. 


Butylic 
iodide. 



No pentacid alcohol is known ; but two acids corresponding 
to compounds of this class have been obtained ; they are apo- 
sorbic acid and desoxalic acid : — 



<; CHHo. 

CHHo 

LCH,Ho 

Pentacid alcohol 
(unknown). 



rcoHo 

CHHo 
CHHo. 
CHHo 
COHo 

Aposorbic 
acid. 



CKHo 
CHSo 

CHo(CH^o). 
tCHHo 



rCOHo ' 
CHHo 
CHo(COHo). 
COHo 



Unknown 
alcohoL 



Desoxalic 



Mofmite is a hexacid alcohoL There are two isomeric acids 
corresponding to this alcohol : these are saccharic and mucic 
acids : — 

fCKHo rCOHo 

CBtHo CHHo 

J CHHo J CHH o 

CHHo • ^ CHHo* 



CHHo 
LCH,Ho 

Ifannite. 



CHHo 
COHo 

Saccharic 
or made add. 



Mannite is closely related to glucose, the latter containing 
two atoms of hydrogen less than the former. Glucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen: — 



"I 



fCMo 
CHHo 
CHo , 

tCHo "*■ 
CHHo 
CH,Ho 

Glucose. 



H, = 



CH^Ho 
CHHo 
CHHo 
CHHo* 
CHHo 
i^CH^o 

Mannite. 
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CHAPTER XXXV, 

THB BTHBBS. 

These compounds are the oxides of the basylous or positive 
radicals. 

Each series of basylous radicals produces a series of ethers ; 
we have thus ethers of the monacid, diacid, and triacid alcohols, 
of which the following are the general formulsB :— 



Ethers of the monacid 



Methyl Vinyl Phenyl 

series. aeries. series. 

alcohols jo jo jo 



Ethers of the diacid alcohols . . . C^H^O. 



Ethers of the triacid alcohols < C„Hj^i-0-Ha,_iC^ 



ETKEBS OF TKE MONACID ALCOHOLS. 
These bodies are derived from the alcohols by the substi- 
tution of the hydrogen of the hydroxyl contained in the latter 
by a positive monad radical. 



MTJTICYL 

The following list contains sou 

Methylic ether , -i 


SEBIES. 
le of the ethers of this 

fCHa 

or OMe^ 
LCH3 

'CH3 

or OMeEt 

CMett, 
rCMeH, 

or OEt> 

CMeH, 
'CH3 

or OMeAy 
.OBuHj 


series : — 

Boiling- 
points. 

— 21*> 


Methjlic ethylic ether < 
Ethylic ether „ • 


CH3 

[CA 

LC.H 


or i 

or 

or 


4-11°. 
340 


Methylicamylic ether < 


920. 



FOBMADION Ol' £TBEK8. 



273 













Boiling- 












pointB. 


fCA 




fCMelL, 








o 


or 





or 


OEtBu 


80°?. 


.0,H, 




CPrH, 








rc,H, 




CMeHa 











or • 





or 


OBtAy 


112°. 


.C.H.. 




CBuHa 








CA 




CPrH, 











or - 





or 


OBu, 


104°. 


CA 




CPrHa 








fC,H„ 




rCBuH, 











or 





or 


OAy, 


176°. 


C.H„ 




CBvlEL^ 









Ethylic butylic ether. 
Ethylic amjlic ether. < 
Butylio ether ..<. 
Amylic ether .... 



Formation, — 1. By the action of sulphuric acid upon the 
CnHj^iHo alcohols. The process may be divided into the two 
following stages : — 
C,H^iHo + SO,Ho, « SO,Ho(C„H^xO) + OH,. 

Sulpho-aoid. 



AloohoL 



Bulplmrio 
acid. 



SO;B[o(C.H»h-iO) + C„H»^iHo 

Solpho-add. Alcohol. 



= ]o 

Ether. 



Water. 



+ SO,Ho,. 



Sulphuric 
add. 



2. By converting the C„H2;,+iHo alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of the monad alcohol radicals ; — 

.iHo + Na, = 2C„H2^iNao + H,. 



AloohoL 

C.H^iNao + 



CnHj»4.iI 



2C»HaH.iNao 

Sodic-alcohoL 

(C„H2n+i 
o 



+ Nal. 



SodioaloohoL Iodide. Ether. Sodio iodide. 

Beaction, — ^The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and then 
distilling with water the sulpho-acid so produced : — 

f C„H2rt+l 

^O + 2SO,Ho, = 2SO.Ho(aH^,0) + OH,. 

Ether. 



Sulphuric acid. 

SO,Ho(C.H^xO) + OH, 

Snlpho-add. Watei*. 



Sulpho-acid. 

SO,Ho, + 

Sulphuric acid. 



AlcohoL 



Water. 

Ho. 



n6 
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METHTLIG ETHEBi MethyUc Oxide. 

fCH, 

^ O or OMe,. 

Molecular weight =46. Molecular volume m * 1 Ut^c of 
methylic ether vapour weighs 23 criths, BoUs at — 2P. 

Freparation. — ^By heating methylic alcoHol with sulphuric 
acid or boracic anhydride : — 

CH,Ho + SO,Ho, = SO,Ho(CH30) + OH,; 

Methjlio Snlphorio Snlpliomethjlio Water. 

aloohoL add. add. 

fCH, 
SO,Ho(CH,0) + CRflo = < O + SO^o.. 

ICH, 

Solphomethylio Methjlio Methjlio Bn^htirio 

add. aloohoL ether. add. 

Reaction. — ^Methylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 



fCH,a rcHci, rc 

[CH,C1 CHCl, [C 



CC13 

. 

CC13 



ETHTUG ETHEB, Ethylic Oxide, Ether, Sulphuric Ether, 

rCMeH, 

\ O or OEt,. 

[CMeH, 

Molecular weight =74. Molecular volume I I 1 . 1 litre of 
ether vapour weighs 37 criths. Sp. gr. =0*723. Fuses at 
-3P. ^M7*a^35°-6. 

Freparation. — ^A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of &om 140° to 145°, and 
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a constant stream of alcohol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
successively ; in the first the alcohol is converted into sulpho- 
vinic acid, and in the second the sulphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether : — 

EtHo + SO,Ho, « SO,EtoHo + OH,. 

AloohoL Sulphuric add. Snlphoyinic add. Water. 

SO^EtoHo + EtHo = OEt, + SO,Ho,. 

Solphoyinio add. Alcohol. Ether. Salphuric add. 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that if sulphamylic acid be 
acted upon by ethylic alcohol, the mixed ethylic amylic ether is 
formed :— 



SO^AyoHo + EtHo = SO^Hoj, + OAyEt. 

Ethylic Sulphuric Ethjlic am 

alcohol. add. ether. 



Sulphamylic add. Ethylic Sulphuric Ethjlic amylic 

' xmol. 



Beactions, — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt, + 2SO,Ho, = 2SO,EtoHo + OH,. 

Ethylic ether. Sulphuric add. Sulphoyinio add. Water. 

2. Hot nitric acid converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid : — 



1° 

15 






^^ - -fCH. 



Ethylic ether. Acetic add. Water. 
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ETHYLIG SULPHIDEy Sulfhwr Mher. 

rCMeH, 

i 8 OP SEt,. 

[CMeH, 

Molecular weight =90. Molecular volume fTl * 1 l*^^ of 
ethylic sulphide vapour weighs 45 criths. Boils at 73^. 
Preparation. — By adding etHylic chloride to potassic sul- 
phide, and distilling : — 

2CMeILCl + SK, = ^S + 2KC1. 

ICMeH, 

Sthylio chloride. PoUsaio Ethjlio sulphide. FotMsic 

sulphide. chloride. 

Beaction. — Ethylic sulphide combines directly with ethylic 
iodide, forming 

Sulphurous triethylo-iodide SEtgl. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEtjI + AgHo = SEtjHo + Agl. 

Snlpharons Aiventio Solpharous Arsentio 

tnethrlo- hjoratC' triethylo- iodide, 

iodiae. hydrate. 



ETHEBS OF THE VINYL AND FHENTL SERIES. 






Of the ethers of the vinyl series, allylic ether, 
alone is known. 

In the phenyl series, phenylic ether, < , and toluylic 
ether, \ O , have been obtained. 

ETHERS OF THE BIACIB ALCOHOLS. 
Of these the three following are known, but the first only 
has been carefully studied : — 



ETHERS OF DIACID ALCOHOLS. 

. Boiling-points. 

Ethylenic oxide, C^H^O 13°-5. 

Propylenic oxide, C3H3O 35°0. 

Amylenic oxide, CgHj^jO 95°. 
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ETHYLENIC OXIDE, Ethylenic EtJier. 

Molecular weight =44. Molecular volume 11 L 
ethylenic oocide vajpour weighs 22 criths, 

Freparation, — Ethylenic oxide is obtained from glycol by con- 
verting the latter, first into ethylenic chlorhydrate,orchlorhydric 
glycol, by the action of hydrochloric acid, and subsequently 
treating the compound thus formed with potassic hydrate : — 



1 litre of 
Boils at 13°-5. 



Glycol. 



tCH,Cl 



Ethylenio 
Tnydnte. 



diloi 



+ HCl 

Hjrdroohlo- 
lio add. 

+ KHo 

Potassio 
hydrate. 



fCH^o 
I CH,C1 

Ethylenio 
ohlorhydrate. 

Ethylenio 
oxide. 



OH,: 

Water. 

OH, 

Water. 



+ KCl. 



Potassic 
chloride. 



Isomers, — ^Ethylenic oxide is isomeric with vinylic alcohol 
and acetic aldehyde. The nature of this isomerism is seen in 
the following formuke : — 




v{^- 



Ethjrlenic 
oxide. 





■■{ 



Vinylic 
alcohol. 



{cOH- 

Acetic aldehyde 
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Beaetions, — 1. Etlijlenic oxide unites with nascent hydrogen, 
forming alcohol : — 

Ethjrlenio AloohoL 

oxide. 

2. It also unites with oxygen, forming glycoUic acid : — 

{g^o + o. - {gg£,» 

Bthjrlenie aiyooUio 

oxide. add. 

8. It is a basic substance, and unites directly with acids : — 

Ethjlenic Hrdro^ Ethylenio 

oxide. cHlorio ohlorhydrate 

add. or dilorbvdric 

glyooL 

4. Ethylenic oxide precipitates many oxides from solutions 
of their salts, such as ferric oxide, aluminic oxide, cupric oxide, 
magnesic oxide, &c. : — 

2(g^0 + Mic\ + 20H, = 2{g^^ + WIrHo,. 

Ethylenio Kaffnene Water. Ethjlenic Kaeneaio 

oxide. chloride. ohlornjdrate. hydrate. 

5. It also combines directly with water, reproducing gly- 
col: — 

(i^ ^ OH. - (g^- 

Ethylenic Water. GlycoL 

oxide. 

These reactions exhibit a great difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This difference 
arises from the fact that in ethylic ether the ethyl atoms are held 
together by the oxygen only, whereas in ethylenic ether the link- 
ing of the atoms of CH^ does not depend on the oxygen atom 
alone, as will be seen from the following formulae : — 
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Ethylic ether. 



Ethjlenic ether.. 




CH. 

ch: 






»o. 



On account of this peculiarity of constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 



ETHEB8 OF TSE TBIACID ALCOHOLS. 
Of these only one is known, viz. :— 

OLYCTLIC ETHEB, QJytsylic Oxide. 




fCH,.0-H,Cl 
= ^CH-O-HC 
CH,.O.H,C 



Preparation, — By the action of potassic hydrate on so-called 
iodhydrin : — 

< + KHo = KI + OH, + -^ OH-O-HC 

CH- lOH,-0-H,C 

Cffl 

i^CH,Ho 

Iodhydrin. Potassio Potaaaio Waiter. Gljcylic ether, 

hydrate. iodide. 
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CHAPTER XXXVI. 



THB -HALOID BTHEBS. 



Each series of radicals fonns its own series of haloid ethers. 
These ethers are produced by the substitution of hydroxyl in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 



Haloid Mhera of the Monad Positive BadicaU, 

As these radicals can only unite with one atom of hydroxyl, 
they can only form one haloid ether. Each series of radicals 
therefore forms one series of haloid ethers : — 

I. Haloid ethers of the form C^Hj^iCl. 

II. „ „ „ „ CnHa,_iCl. 

III. „ „ „ „ CnHg^^yCL 

The following will serve as examples of the three series : — 



Propylic iodide . . 



AUylic iodide 



Phenylic iodide . . . 



0,H,I 

or 
C(CA)H,I. 

0,H.I 

or 

C(C,H,)"HI. 

CeHJ 

or 

CfC,H3)H,I. 
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Saloid Ethers of the Dyad Positive Badicals, 

As the diacid alcohols contain two atoms of hydroxyl, it 
follows that there are two classes of haloid ethers derivable 
from them. TDhe first is formed by the substitution of one of 
the hydroxyl atoms by chlorine, bromine, &c., and the second 
by the like displacement of both atoms of hydroxyl : — 

I. Haloid ethers of the form CnHa^HoCl. 
II. , „ „ „ „ CnH2„Cla. 

The following examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 



Chlorhydric glycol or ethy- 
lenic chlorhydrate CgH^HoCl 



or 



Ethylenic dichloride 



fCH^Ho 

tcH^cr 



CACi. 

or 
fCH^Cl 

tcH,cr 




Haloid Ethers of the Triad Positive Badicals. 

There are three classes of haloid ethers which are derived from 
the triacid alcohols, by the successive substitution of the three 
atoms of hydroxyl contained in these alcohols by chlorine, bro- 
mine, <fcc., — and a fourth class, which stands intermediately 
between the ethers and the haloid ethers, and which is formed by 
the substitution of one of the atoms of hydroxyl in the alcohol 
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by a monad negative radical, such as cUorine, bromine, or 
cyanogen, and the remaining two atoms of hy droxyl by the dyad 
atom of oxygen: — 

I. Haloid ethers of the form C^Bj^iHojCL 

II. „ „ „ C„H»,_iHoCla. 
HI. „ „ „ C„H2»_iCl3. 
IV. „ „ „ C.H^_,0C1. 

The following are examples of each of these classes : — 



fCH,Ho 
Chlorhydrin. \ CHCl 
IOH.H0 



fCH,Cl 

Dichlorhydrin... < CHHo. 

iCH,Cl 



fOH,Cl 

Trichlorhydrin. . < CHCl . 

[CH,C1 



Hydrochloric f OH CI 
glycideorepiJOHQ. 
chlorhydrin . . I ^"2 




HALOID ETREBS OF THE MONAD POSITIVE 

BAD1CAL8. 
PreparaHon. — These ethers are produced by the following 
general reactions : — 
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1. By the action of the hydracids upon the alcohols : — 
CnH^iHo + HCl = CnH^iCl + OH,. 

AlcohoL Hjdroohlorio Haloid ether. Water, 

add. 

2. By the action of phosphorous trichloride on the alcohols :— 
SaHj^+iHo + PCI3 = SCnHa^iCl + POHHo,- 

AloohoL Phosphorona Haloid ether. Phosphorous 

trichloride. acid. 

3. By the action of chlorine on the hydrides of the radi- 
cals: — 



CnHa^fiH + Cla = CnH2,»^.iCl + HCl. 

Hydride. Haloid ether. Hydrochlorio 

acid. 

^' . . 

It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equally to the C^Ha^.i and CnH^.y 
series. 

For the preparation of the cyanides of the radicals, two 
Bpecial reactions are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide : — 

SO,Ko(aH^,0) + KCy = SO.Ko, + CA,^,Cy. 

Potassic sulphate of Potassic Potassic Cyanide, 

the radical. cyanide. sulphate. 

2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, when the cyanides of the 
positive radicals which they contain are produced : — 



CO(N'H,0) ■•" ''*^»"» 


. C„H2„+l 


^ 4PO,Ho. 




Cyanide. 


Metaphosphoric 


salt. anhydride. 




acid. 



Beactions. — 1. Treated with alcoholic solution of potash, all 
the haloid ethers of the C„Ha^i series, except the cyanides, are 
reconverted into alcohols : — 



CnH2„+lCl 


-f KHo = 


C^H^iHo 


+ KCl. 


Haloid ether. 


Potassic 


Alcohol. 


Potassic 




hydrate. 




chloride. 
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2. The cjanides under similar eircuinstances are converted 
into potassic salts of the acids wluch contain the positive radi- 
cal of the cyanide . — 

[^^ + KHo + OH. - {cfe + '^- 

Qfuiide. Fotaasio Water. Fotaasio Ammonia, 

hydrate. salt 

8. When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal : — 



or 



2aH»H.I + 2Zn = Zn(C„H^i), + Znl,, 

Iodide. Organo-zino Zindo 

oompoand. iodide. 

2C.H^,I + Zn = {cfc + ^"1»- 

Iodide. Free Zindo 

radioaL iodide. 

4. When the iodides are submitted to the action of sodic 
ethylate, a mixed ether (or a simple ether if »=2) is formed : — 

C,H;^ao + an^il = |0 + Nal. 

Sodio Iodide. Ether, 

ethybte. 

5. The haloid ethers are the representatives of the hjdracids 
of mineral chemistry, and unite directly with ammonia, pro- 
ducing salts which, when treated with potassic hydrate, yield 
compound ammonias containing the basylous radical of the 
haloid ether in the place of one atom of hydrogen : — 



NH3 + EtI = NHaEtl. 

Ammonia. Eth^lic Eth^rlammonic 

iodide. iodide. 

NHgEtl + KHo = NEtH, + KI -f- OH,. 

Ethylammonio Potassic Ethylamine. Fotasdc Water, 

iodide. hydrate. iodide. 
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METHTLIC CHLOBIDE. 

CH3CI or MeCl. 
Molecular weight =50'5. Molecular volume II 1 . 1 Utre of 
methylic chloride vapour weigTis 25*25 critTis, Boils at —21°. 

Freparation, — By heating together sodic chloride, methyKc 
alcohol, and sulphnric acid : — 

SO,Hoa + MeHo ^ SO,MeoHo + OH,. 

Salplmrio Kethylic Snlphomefhylic Water, 

add. aloohoL add. 

SOj^eoHo + NaCl «= MeCl + SO,HoNao. 

Sn^homethjlic Sodio Kethjlio Hydricaodio 

acid. chloride. dilonde. sulphate. 

Beaction. — ^By the action of chlorine, methylic chloride pro- 
duces three substitution derivatives: — 

Boiling- 
points. 

Monochlorinated methylic chloride, CVLj\, 3P 
Dichlorinated „ „ CHCl,. 60°-8 

Trichlorinated „ „ CCl^. 78® 



fto 



CHLOBOEOBM, Dichlorinated Methylic Chloride, 

CHca,. 

Molecular weight =119'5. Molecular volume m * 1 litre of 
chloroform vapour weighs 59*75 criths. Sp. gr. 1 '48. BoUs 
at 60°-8. 

Preparation, — This compound is manufactured in large 
quantities by heating alcohol with «a solution of calcic chloro- 
hypochlorite (chloride of lime). It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
see p. 250. 

Beactions. — 1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash : — 

CHCl, + 

Chloroform. 



4.KH0 


= CHOKo 


+ 3KC1 + 


20H, 


Potassio 
hydrate. 


Potassic 


Potassio 
chloride. 


Witter. 
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2. When acted upon by chlorine in the presence of sunlight, 
the hydrogen is displaced by chlorine, and carbonic tetrachlo- 
ride (CCIJ formed. 



ETHTLIC CHLOBIDE. 
C,H,C1 or Eta. 

Molecular weight =64*5. Molecular volume \ I I . 1 litre cf 
eth/lic chloride vapour weighs 82*25 criths. 8p, yr. 0*874. 
Boils at lP-5. 

Preparation* — Ethylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tubes at 100° for one or two hours, 
when the mixture separates into two layers, the upper one 
being the ethylic chloride : — 

EtHo + HCl = Eta + OH^. 

AloohoL Sydrodiloric Ethjrlic < Water, 

add. diloride. 



ETHTLIC lODIDt. 

C,HJ or EtI. 

Molecular weight ^156. Molecular volume i I 1 - 1 litre of 
ethylic iodide vapour weighs 78 criths. 8p. gr. 1*9464. 
Boils at 72°*2. 

Preparation. — By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introducing 
five parts of iodine and distilling in a water-bath : — 

3C,H,Ho + p + I3 = 3C^H,I -h POHHo,. 

AloohoL EthjUo Phoephoioiis 

iodide. add. 
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BeacHon, — ^Ethylic iodide, wHen heated with water in a 
sealed tube, produces ether and hydriodie acid : — 



iO,H.I 


+ 


OH, 


= ■ 
.C,H. 


+ 2HI. 


BthTlio 
iadMe. 




Water. 


Ether. 


Hydriodie 
add. 



The methylic and amylic iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CHgl, has 
a sp. gr. 2-237, and boils at 42° C. Amylic iodide, C5H1J, has 
a sp. gr. 1*511, and boils at 146°. 

The haloid compounds of the allylic and phenylic series are 
of comparatively little importance. 



HALOID ETHERS OF THE DYAD POSITIVE 
RADICALS. 

I. Haloid ethere of the form G^Uin^oCi, 
Freparation. — These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 
of this class : — 

{CH Ho 
CH^Cl 

Ethylenic iodhydrate or iodhydric glycol ... ] cpr 1 • 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 277). 

n. Haloid ethers of the form Q^J^. 
Freparation, — These ethers are generally formed by the 
direct union of the dyad radicals with the chlorous elements. 
The following list comprises the chief members of this class: — 

Boiling-points. 

Methylenic chloride CH^Cl^ 40° 

iodide CH,I,.. 181° 

Ethylenic chloride C.H^Cl^ 85° 
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BoUiilg-poiiita. 

Ethylenic bromide CaH^Br, 129° 

„ iodide C^HJa 

Propylenic chloride CjHeCl, 103^ 

„ bromide C3HeBr, 144P 

n iodide CgHgl, 

Butylenie chloride O^UJCL, 127° 

„ bromide C.HgBr, 160° 

Amylenic chloride CjHioCla 

„ bromide C^HjoBr, 175° 

By the action of potassium, sodium, or zinc, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important members of the series. 



ETHTLENIC BBOMIDE. 

CABr, or {gg»|j or Et"Br, 

Molecular weight bb188. Molecular volume | I I . 1 litre of 
ethylenic bromide vapour weighs 94 criths. Sp, gr, 2*16. 
Ikuee at 9°. BoiU at 129°. 

Preparation. — ^By agitating bromine and water with ethy- 
lene. 

Beactions. — 1. Boiled with alcoholic potash it yields brom- 
ethylene or vinylic bromide : — 
C^H^Br, + KHo = C.HgBr + KBr + OH,. 

Ethylenio Fotasaio Vinylio bromide Fotaaedo Water, 

bromide. hydrate. or bromethylene. bromide. 

2. Heated with an alcoholic solution of potassic acetate, it 
yields monacetic glycol. 

{gg^g + 2OM.0K0 + OH..{°5iO;OMe6 

Ethylenic Potassic Water. Monaoetie glycol 

bromide. acetate. 

+ CMeOHo + 2KBr. 

Acetic Potassic 

acid. bromide. 
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ETHTLENIC CTANIDE. 



Fu9e8 at 37^ 



%^% = <'ACy,. 



Freparation, — By heating ethylenic bromide with potassic 
cyanide to 100° for sixteen hours : — 

{0H:Br + 2CN"'K = {%l^^P^ + 2KBr. 

Ethylenic Potassio Ethylenic Potassic 

brtmude. cyanide. cyanide. bromide. 

Beaction, — When boiled with alcoholic potash, ethylenic 
cyanide yields potassic succinate : — 

fCH,(CN'") . 2KHn 4- 20H - I CH,(COKo) . ^^o 

Ethylenic Potassic Water. Potassic Ammonia, 

cyanide. hydrate. succinate. 



HALOID ETHERS OF THE TRIAD FOSITIVE 
RADICALS. 

I. of the form CnHj^-iHoaCl. 

Boiling- 
point. 

fCH,Ho 
Chlorhydrm ... - CHCl 227°. 

fCH^o 

Bromhydrin ... ■{ CHBr 180° in vacuo. 

lCH,Ho 

II. Of the form C,Hfc_iHoCl,. 

fCH,Cl 

Dichlorhydrin... -^CHHo 180°. 

[OH,Cl 

III. Of the form C.H„.iCl,. 

fCH,Cl 

Trichlorhydrin. . -^ CHCl 155°. 

[CHjCl 

o 
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IV. Of the form aHa.-iOCl. 

Boiling- 
point. 

Hydrochloric f CR^p. 

glycide or epi- j Ch'^ 118°. 

cUorhydrin ... iCHaCl 

Preparation, — The ethers of the first three forms are obtained 
by the action of the hy dracids upon glycerin ; whilst those of the 
fourth are produced by the action of alkaUes upon the second 
fonn of compounds. 



CHAPTER XXXVII. 

THE ALDEHYDES. 

These compounds are intermediate between the alcohols 
and the acids. They are formed from alcohols by the abstraction 
of hydrogen; hence the name, which is an abbreviation oi alcohol 
dehydrogenatum. 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz. :• — 

A. Aldehydes derived from CnH2,^.iHo alcohols. 

B|^ » » n CnHa,_iH0 „ 

C. „ „ „ CnHjjn^yHo „ 

Preparation, — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethylic alcohol, for instance, yields acetic alde- 
hyde : — 

{cilHo + O = {%% + OH,. 

Ethylio Acetic Water, 

alconol. aldehyde*. 

2. Aldehydes are also formed by distilling a mixture of equiva- 
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lent quantities of the potassic s&lt of a &tt7 acid and of potassie 
formate : — 

{coko + (cOKo = {c?H + CO^^'- 

Fotsssio Potassio Acetic Potassic 

acetate. formate. aldehyde. carbonate. 

This is an important reaction, as by its means' the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen, then the 
alcohol converted into acyanide, which by treatment with potassic 
hydrate gives the potassic salt of the next higher acid. Thus : — 
fCH, . XX _ fCH, 



[COS + H, - jcHHo' 

Acetic Ethylio 

aldehyde. alconoL 



{oh'Ho + "'^'H"' = SO,HoEto + OH,; 

EthWio Sulphuric Solphoyinio Water. 

aloonoL acid. acid. 

SOjHoEto + CN"'K = SO^KoHo + {cN"'^"' 

Solphoyinio Potassio Hydric potassic Ethylic 

add. qranide. sulphate. cyanide. 

{g^?. + KHo + OH. . {%^^ + NH.. 

Eth:^lic Potassio Water. Potassic Anunonia. 

cyanide. hydrate. propionate. 

Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 

Beactions. — 1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids : — 

tcOH + ^ - tcOHo • 

Aldehyde. Acid. 

2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 

\COH + ^^S« - \COHo "♦' ^Sa- 

Aldehyde. Argentic oxide. Acid. 

8. When heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen : — 

o2 
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COH + 2^0 - jcoKo + ^- 

Aldehyde. Fotusic Fotasaio 

hydrate. salt 

4. Treated with nascent hydrogen, they are converted into 
the Corresponding alcohols : — 

COH + ^a = \CflHo* 

Aldehyde. AlconoL 

5. Most aldehydes combine directly with ammonia, forming 
crystalline compounds : — 

{CnHsn+l I TijTT _ J CnHan+i 
COH "^ '^^^ "" tCOCN'HJ- 

Aldehyde. Ammonia. Ammonium 

compoond. 

6. Aldehydes also combine with the alkaline hydric sulphites, 
producing crystalline compounds : — 

{OOH^' + SO^«Ho = SOKoHo,{g-^-+.. 

Aldehyde. Hydrio potaamo 

ffulpnitd. 



A. ALBERYBES DEEIVED FROM THE CH^n+iHo 
SERIES OF ALCOHOLS, 
The following are known : — 

Fusing- Boiling- 
point, point 

Acetic aldehyde {cok ^^''• 

Propionic aldehyde.. I g^^^2 or {co^^^' (550-65«). 

Butyric aldehyde ...{gg*^^ or {gg^^^«^?» (680-76o). 

Valeric aldehyde ...{oo^ ^^ {cO^^^ ^'*- 

(Enanthic aldehyde.. I g^^a or {§0^^"^^ helow -12r 162^ 

Capric aldehyde {cOeP"^^ " ^''- ^^""^ 

Euodicaldehyde {cOH^"^^'' "^ ^°- ^^^**- 

Laurie aldehyde {co^^"'^^* 232». 

Pahnitic aldehyde ...{§0^^^*'^^' ^^T. 
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ACETIC ALDEHTDE, Aldehyde, 

\COH 
Molecular weight =44. Molecular volume VT^ , 1 litre of 
aldehyde vapour weighs 22 criths, 8p, gr, =0'79. BoiU 
at 2r-8. 

Preparation. — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

{^Ho + = {c^H + OH.. 

Ethylio Aoefdo Water. 

aloonoL laldehyde. 

2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 

3. Aldehyde is formed when the vapour of alcohol or ether 
is passed through a tube heated to dull redness. 

Beaction9, — 1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents : — 

(c?fa + -0 = {^^. 

Acetic Acetic 

aldehyde. add. 

2. It reduces silver salts, depositing lustrous metallic silver 
on the sides of the vessel. 

3. When submitted to the action of potassium, one atom of 
hydrogen is substituted by an atom of the metal, the compound 

/CH3 

tCOK 
being formed. 

4. Hydrocyanic acid transforms aldehyde into alanin : — 

(°=h + CN-H + OH. - {^'^^. 

Acetic HjdrocyaDio Water. Alanin. 

aldehyde. 



294 THE ALDEHYDES. 

By the action of nitrous anhydride, alanin is converted into 
lactic acid : — 
2 rCMeHHo . ,go - o/CMeHHo , o^ q^ 

Alftnin. Nitrons Lactic add. Water, 

anhydride. 

There are three isomeric modifications of aldehyde : — 
Metaldehydey crystalline, subliming at 120°. 
Paraldehyde^ liquid, boiling at 125°. 
Elaldehyde, crystalline, fusing at 2°, boiling at 94°. 



B. ALDEHYDES DERIVED FROM THE CJl^.{Ro 
ALCOHOLS. 

ACBJOLEIN. Acrylic Aldehyde, 

f CMe"H 
JCOH • 

Molecular weight oaSG. Molecular volume PTI - 1 litre of 
acrolein vigour weighs 28 criths. Boils at 62° 4. 
Preparation, — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

cK - 20H, > {%^i^. 
CH,Ho 1°^^ 

Gljcerin. Water. Acrolein. 

2. By the oxidation of allylic alcohol: — 

(S? + O = {^i^ ^ OH.. 

Alljlic Acrolein. Water, 

alcohol. 

3. By the action of heat on the product of the union of ace- 
tone with bromine : — 

rCOMe . T., _ fCMeBr, 

Acetone. 

Acrolein. Hydrobromio 

add. 
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Seaetion. — By oxidation, acrolein yields acrylic acid : — 

fCMe"H _L rk _ fCMe"H 
tCOH + U - |cOHo ' 

Acrolein. Acrylic add. 

C. ALDJERYDJES DEEIVEB FROM THE CnHjjn-yHo 
ALCOHOLS. 



Benzoic aldehyde.. 
Cuminic aldehyde 



Boiling- 

COH •••■^^^ • 



BENZOIC ALDEHYDE, Oil of Bitter Almonds^ HyMde of 
Benzoyl. 

\COH 
Molecular weight =106. Molecular volume m . 1 litre of 
benzoic aldeJiyde vafowr weigln 63 crithi. 8p. gr. 1043. 
Boils at 180°. 
Preparation.—l. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 30°-40°. The synaptase present acts as a ferment on 
the amygdalin, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

Amygdalin. Water. Benzoic Hydrocyanic Glnoose. 

aldehyde. acid. 

Beactions. — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

{g^'a^>=- + = (g(f£->=' 

Benzoic aldehyde. Benzoic acid. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 

Benzoic Potassic Potassic 

aldehyde. hydrate. benzoate. 
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CHAPTER XXXVIII. 

THB ACIDS. 

The acids form tbe most numerous family of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 

Others are produced by the action of chemical agents on 
organic matters. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ing to their basicity. 

1. Monobasic acids. 

2. Dibasic acids. 
8. Tribasic acids. 

The basicity of organic acids is determined by the following 
simple law : — an organic acid containing n atoms of oxatyl is 
n- basic. 



MONOBASIC AGIDS. 
The monobasic acids, which always contain a single atom of 
oxatyl (COHo), include the six following series : — 



General formiiUB. 



1. Acetic or fatty series 

2. Acrylic or oleic series . 

3. Lactic series 

4. Pyruvic series {cOHo^**^'^' 

5. Glyoxylic series 

6. Benzoic or aromatic series 



COHo • 

C(aH^y'(C«H,^0 

COHo 

C(aH^O(C.H^OHo 
COHo 



rC(C„H2^0Ho, 
COHo 



rc(aH^.,)H, 

COHo 
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The 1st, 2iid, 3rd, 5th, and 6th of these series may be regarded 
as the derivatives from corresponding series of alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ Acrylic „ „ AUyl „ „ 
8. „ Lactic „ „ Ethylene „ „ 

5. „ Glyoxylic „ „ G-lycerin „ „ 

6. „ Benzoic „ „ Benzoic „ „ 

The acids of the first, second, fourth, and sixth series are 
termed monohydric as well as monobasic ; whilst the acids of 
the third series are termed dihydric and monobasic, indicating 
their origin from the diacid alcohols, and that they contain 
two atoms of hydroxy 1, one of which is in the oxatyl, and the 
other in the positive part of the compound. The hydrogen of 
the latter hydroxyl may be displaced by very positive metals, in 
the same manner as the hydrogen of the hydroxyl in alcohols ; 
but it cannot be displaced by double decomposition with bases 
in the same maimer as the hydrogen in the oxatyl may be sub- 
stituted. 

The acids of the fifth series are termed trihydric and mono- 
basic, indicating that they are derived from the triacid alcohols, 
and that they contain, besides the hydroxyl in the oxatyl, two 
other atoms of hydroxyl in the positive part of the compound. 



1. ACETIC OB FATTY SJSEIUS OF ACIDS. 

General formula ... | Jj^Jo"^'^ • 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. JS"ormal acids. 

General formula . . . { § JJ^^b'^''*^^. 

B. Secondary acids. 

General formula ... { coh?''^''*'^- 

o5 
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C. Tertiary acids. 

General formula ... { COH^*^'^'' 



A. NORMAL ACIDS OF TSE ACETIC OB FATTY 
SERIES. 

Genena formula ... { coh?*^'^^*- 

In formic acid, which is generally considered to be the first 
term of this division, the radical CCC^Ha^OH, is replaced by 
H ; and in acetic acid the value of n=0. The following is a 
list of the normal fatty acids : — 

Fasing- Boiling- 
point. point. 

Formicacid { COHo "^"^^ ^^''' 



Aceticacid {^^^^ or{g«b, +17°. 117°. 

^ . . ., fCMeH. fC(CH,)H, . ,.,0 

Propiomcacid . jcQijj,»or|Q^g^» > ... I4i • 

^ , . ., fCEtH, fC(C,H,)H, below ,-,,0 

Butyncacid ...jcOHo ^''iCOHo - -20°. ^^^ ' 

Valericacid {gg^' ^ {g^^'^^' •• " ^^^°- 

Caproicacid...(g«S'-{Sao'^°'-+^°- '^ 

(Enan%Ucacid{g^yH^'-{c0ft^^°'"- — ^12' 

Caprylicacid ...{ggPjJ^ or {g^o"^^)^-... +M°. 236°. 

Pelargonicacid {goHV^*" ^^^"^ ^^ 



O 



.0 
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Fofliiig^ 
point 

Capricacid (cOH°"^^' 2r-2(30°). 

Lauricacid {cOHo"'^^' *^°®- 

Myristicacid fcofio'''*^' ^^'^^ 

Palmiticacid {cOHo"'^^' ^^°- 

Margaricacid fcOHo'.'^^' ^^'^^ 

Stearicacid fcofio"^^' ^°'^- 

AracWdicacid fcOHo^''^^' ^^''• 

Behenicacid {cofi?"^^* ^^° 



Ceroticacid ■! ^^fi?"^"'^' 78" 



/C(C„H. 
\COHo 



MeUssicacid IcOH?"^^' 



» 88° 
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Occurrence. — The greater number of the acids of this series 
are met with ready formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in the valerian 
root, pelargonic acid in the essential oil of the Pelargoniwn 
roseuniy and cerotic acid in bees- wax. 

Others are met with as the ethereal salts of monacid alcohols. 
Thus spermaceti is cetjlic palmitate, and Chinese wax cerylic 
cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
mitic, and stearic acids, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation, — 1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 

{c^Ho + 0. = (cobo + OH,. 

AloohoL Acetic Wat«r. 

add. 

2. By the action of alkalies or acids upon the cyanides of 
the C„H»^^.i series of radicab : — 

\CN"' 

Cyanide. 

and 

{g-j;?r^« + HCl + 20H. = {g-^i + NH.Cl. 

Cyanide. Hydrochloric Water. Acid. Amnionic 

acid. chloride. 

Instances of these reactions are seen in the treatment of 
ethylic cyanide by a boiling solution of potassic hydrate, when 
it is converted into potassic propionate, ammonia being evolved, 
thus — 



KHo + OH, = {g-J-J' 


+ NH,; 


Potassic Water. Potassic 
hydrate. salt. 


Ammonia. 



KH, + OH. _ (g«J^ 


+ NH.^ 


Potassio Water. Potassic 


Ammonia. 


hydrate. propionate. 
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fOMeH, 
\CN"' 

Ethjrlio 
cjanide. 

and in the conversion of etliylic cyanide, by the action of hydro- 
chloric acid, into amnionic chloride and propionic acid — 

{gM^H. + HCl + 20H, = {g^^^, ^ j^^ci. 

Ethylio Hydrochlorio Water. Propionic Ammonic 

cyanide. add. acid. chloride. 

3. By the action of the potassium or sodium compound of the 
C^Ha,^.! radicals upon carbonic Anhydride — 

CO, + C„H^,,Na = {ofeo' 

Carbonic Sodium Sodle 

anhydride. compound. Bait 

as, for example, in the formation of sodic propionate by the ab- 
sorption of carbonic anhydride by sodic ethide : — 

CO, + CMeH,m = (gS- 

Carbonic Sodic ethide. Sodic 

anhydride. propionate. 

4. By the oxidation of aldehydes — 

\COH + ^ - \COHo' 

Aldehyde. Acid. 

as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen : — 



Acetic Acetic 

aldehyde. acid. 



Besides these reactions of general application, there are 
numerous special methods for the production of certain mem- 
bers of this series. In most of these methods, however, the 
reactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 
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Propionic and butyric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and otber similar substances. 

BelatioM of the Normal Fatty Acids to the CnHan+i Series of 
Badicals. 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxatyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 

2{c"^o^' + = {cS::; + 2C0, + OH,. 

4-oicL PodtiTe . Carbonio Water. 

radioaL anhydride. 

On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical butyl are formed : — 

2{&5:o + OH, + O - {g;g. + 2COHoKo. 

Potaaaio Water. ButyL Hydrio potassic 

valerate. carbonate. 

2. When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into cyanides of the 
radicals of the C«iH2n+i series — 

{cfeo) + 2PA - {g-#^*' + 4PO,Ho. 

Ammoniosalt. Phosphoric Cyanide. Ifetaphosphoric 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
cyanide by distillation with phosphoric anhydride : — 

{c?(N^,0) + 2PA = {g5?„ + 4PO,Ho. 

Ammonic Phosphoric Methylic Ifet^hosphorio 

acetate. anhydride. cyamde. acid. 

These cyanides are converted into normal monacid alcohols 
by Mendius's reaction (see p. 248). 

From the alcohols so obtained, the CnHan+i radicals are iso- 
lated as described at page 246. 
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Belations of the Normal Fatty Acids to the CnHa«+iHo Series of 

Alcohols. 

1. By oxidation the normal alcohols yield these acids, as ^hove 
shown. 

2. Conversely, the normal fatty acids can be converted into 
the normal CnH2»+iHo alcohols, — 

Ist, by Mendius's reaction (see p. 248) ; 

2nd, by Piria and Wurtz's reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde — 

{c^Ko^' + {cOKo = {coV' + COKo„ 

Potassic Potassic Aldehyde. Potassic 

salt ^ formate. carbonate. 

and subsequent treatment of the aldehyde by nascent hy- 
drogen — 

COH + ^« - lCH,Ho- 

Aldehyde. Normal 

alcohoi 

JRelations of the Normal Fatty Acids to each other. Accent of 
the Series. 
If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &c., the whole 
series of normal fatty acids would be obtained : — 

r H 

Formic add { COHo* 

Acetic acid { COHo' 

Propionic acid -{cMo- 

Butyric a*id [%^^. 

This substitution has not yet been accomplished ; but an 
analogous series of reactions has been effected with acetic acid. 
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By the action of sodium on acetic ether, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether j S5w*. 

By acting on this body with the iodides of the Ci»Han+i 
radicals, ethylic salts of the higher acids are produced. 

On submitting monosodacetic ether to the action of methylic 
iodide, for instance, propionic ether is formed — 

\COEto + ^^»^ \COEto + "'^' 

Monosodaoetio] Methylio Frm>ionic Sodie 

ether. iodide. etaer. iodide. 

and by the action of ethylic iodide, butyric ether is produced — 
jCOEto + ^»^»^ == t<50Eto + ^^- 

Monotodaoetio Ethjlio Butyrio Sodio 

•ther. iodide. ether. iodide. 



FOBKIC ACID. 

Molecular weight ^4S. Molecular volume PTI ' 1 ^*^^ of 
formic acid vapour weighs 23 criths. Sjp,gr. 1*2353. Fuses 
atVO. BoiU at lOQfC. 

Occurreiice. — If red ants be made to pass over blue litmus- 
paper and be at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars, 
and in the sting of nettles. 

Formation, — 1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
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matters (such as starch, woody fibre, or tartaric acid) by a mix- 
ture of sulphuric acid and manganic oxide, or by potassic hy- 
drate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

CHCl, -h 4KH(r = OHOKo + 3KC1 ]+ 20H,. 

Chlorofono* Potaasio Potassio Potaasio Water, 

hydrate. formate. chloride. 

8. By the oxidation ^f methylic alcohol : — 

(cH,Ho + 0, = {goHo + OS.- 

Ifethjlio Formio Water, 

alcohol. add. 

4. By heating equal weights of dry oxalic acid and glycerin 
together to 75° C, when the oxalic acid splits into formic acid 
and carbonic anhydride : — 

fCOHo _ fH -no 

\COHo - tcOHo + ^^*' 

Ozalio Formic Carbonic 

add. .add. anhydride. 

5. By digesting together at 100°, for forty-eight hours,potassic 
hydrate and carbonic oxide : — 



k;ho 


+ CO = 


\COKo 


PotMsia 
hrdrato. 


Carbonic 
oxide. 


Potaasio 
formate. 



Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid over 
plumbic formate : — 



CHOp, „ 


+ SH, = 


^tCOHo 


+ 


PbS". 


Plumbic 
formate. 


Sulphuretted 
hydrogen. 


Formic 
add. 




Plumbic 
sulphide. 



H 
COHo 


+ HgO = CO, 


Formic 
add. 


Mercuric Carbonic 
oxide. anhydride. 
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Character, — When heated with concentrated Bulphuric acid, 
formic acid splits into water and carbonic oxide : — 

{cOHo - CO + OH, 

Formic Carbonic Water, 

add. oxide. 

Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride : — 

(cOHo + C». = 2HC1 + CO, 

Formic Hydrochldrio Carbonic 

add. add. anhydride. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

+ Hg + OH,. 

Water. 



ACETIC ACID. 

{cOHo- 
Molecular weight c=60. Molecular volume I I 1 . 1 litre of 
acetic acid vapour weighs 30 criths, Sp, gr, 1'064, Fusee 
at +17°. Boils at IIT, 
Occurrence. — Found in small quantities in the juices of 
plants and in animal fluids. 

Manufacture. — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid ; the acid is pu- 
rified by being converted first into a calcic, and then into a 
Bodic salt, the latter being afterwards decomposed by sulphuric 
acid. 

2. By the oxidation of ethylic alcohol : — 

(ciS&Ho + <^. = {cJbo + O^- 

Ethrlic Acetic Water. 

alconoL add. 
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Preparation, — Pure acetic acid may be obtained by distilling 
potassic diacetate : — 



fCH, fCH, 
tCOKo' tCOHo 

Pota88io diacetate. 



/CH3 

I COKo 

Potassic 
acetate. 



CH, 
COHo- 

Acetic 
add. 



Character. — Chlorine acts on acetic acid in sunligbt, pro- 
ducing tbree chlorinated acids, in which chlorine is substituted 
for hydrogen : — 



|C?i 



COHo 

Acetic 
acid. 



/CH,C1 



+ CL 



fCH,Cl 
tCOHo 

Mondchloracetio 
acid. 

fCHCL 



+ HCl. 



Hydroohlorio 
acid. 



icOHo + ^* = icOHo + 



Ifonoohloraoetio 
add. 

f CHCl, 
tCOHo 

Diohloracetic 
add. 



+ ci. 



Dichloracetic 
acid. 

tCOHo 

Trichloracetic 
add. 



HCl. 

Hydrochloric 
add. 



+ HCl. 

Hydrochloric 
add. 



The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

ICH3 

The acetates of the dyad metals have the constitution repre- 
sented by the following general formula : — 

C0-0„„ \^f^ CMeO-Ow„ 
^CO-O" ■>' |g^^ « OMeO-o" • 

By the action of phosphorous trichloride, acetic acid yields 
acetyHc chloride: — 



^ t COHo 

Acetic 
add. 



PCI. 

Phosphorous 
trichloride. 



CH, 
COCl 

Aoetjrlio 
chloride. 



+ POHHo,. 

PhosphorouB 
add. 
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PBOPIONIC ACIDi Methacetic Acid. 

JOMeH, 
\OOHo- 

Molecular weight =74. Molecular volume I I 1 1 litre of pro- 
pionic acid vapour weighs 37 criihs, BoiU at 141^. 

Preparation, — 1, By the oxidation of metacetone — ^a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

8. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
ethylic cyanide (see p. 300). 

6. By the action of carbonic anhydride on sodic ethide 
(see p. 301). 

6. By the. action of hydriodic acid on lactic acid : — 

Lactio Hjdriodio Propionic Water, 

acid. acid. acid. 

7. By the action of methylic iodide on sodacetic ether (see 
page 304). 



BUTYRIC ACID, Mhacetic Acid. 

i OEtH, 
\OOHo- 

Molecular weight =88. Molecular volume I I I . 1 litre of 
hutyric acid vapour weighs 44 criths. 8p. gr. 0*9886. 
meee below —20°. Boils at 161° C. 
Occurrence. — In butter, juice of flesh, perspiration, and many 
animal secretions. 

Preparation. — 1. By the fermentation of sugar with putrid 
cheese. 
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2. By the action of etbylic iodide on sodacetic ether (for 
reaction, see page 304). 



VALERIC ACID, Valerianic Acid. 
fOPrH, 
t OOHo- 

Molecular weight =102. Molecular volume I I 1 . 1 litre of 
valeric acid vofpowr weighs 51 criths, Sp, gr. 0*937. Boils 
at 175°. 
Occtirrence, — In many plants, as in the roots of valerian and 
angelica. 

Preparation, — By the oxidation ofamylic alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate : — 

i^"^- + O. = {g(,%W + OH, 

Jmylic Talerio Wmter. 

.locmoL add. 

Isomeric forms. — ^There are four possible isomers of valeric 
acid: — 

Normal valeric acid or f CPrH f OH,(CH,[OH,(CH,)]) 
propjlaceticacid ... lOOHo j OOHo 



© © © © 




© © © ^ © 



r©=© 



© 



^ Propylacetic acid ... { gggf. or { ^i^^^^'^^. 
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MeU>.a-=.«c«id ..{g?^'=.r(gSi?^[°=-W>3. 



I 




Trimethacetic acid 



fOMe, ^, fC(CH,), 



COHo 




0-0-00 

Of these, the normal, the j3 propylacetic, and the trimetha- 
cetic acid are known. 



B. SECONDAItT FATTY ACIDS. 

General formula... { oOBb'**'^'^'"^- 

FormaHon. — By the action of the iodides of the C,^j|^i 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 
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DDOiTHACETIC ACID, or Isohutyric Add. 

' rOMe,H 
1 OOHo • 

Molecular weight =88. Molecular volume I I 1 . 1 litre of 
dimethacetic add vapowr wdgTis 44 critha. Boils at 152°. 
Isomeric with lutyric or ethacetio acid. 

Preparation. — ^As a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 



fONa,H 
\ OOEto 

DiBodaoetio 
ether. 

fOMe,H 
\ OOEto 

Dimetbacetio 
ether. 



+ 2MeI 

Methylio 
Lde. 



iodi< 



-f KHo = 

Potasdo 
hjdrate. 



fCMe^ , 
t OOEto "•" 

Dimethacetic 
ether. 

f CMe,H 
tCOKo 

Potasdo 
dimethacetate. 



2NaI. 

Sodio 
iodide. 



EtHo. 

AloohoL 



QQ-^> isomeric with caproic acid, and 

diamylacetio acid, j qc^q > isomeric with lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 



C. TJSBTIABT FATTY ACLDS, 

General formula... | oSh^*^'^'- 

Formation, — ^As ethereal salts, by the action of the iodides 
of the CmHsm^.! radicals on trisodacetic ether. 
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TBDCETHACETIC ACID. 

fOMe, 
t OOHo- 

Molecular weight =102. Molecular volume I I L 1 litre of 
trimeihaeetie acid vapour weighs 51 criths. Isomeric with 
valerianic acid. 
For the graphic formula of trimethacetic acid see p. 310. 
Preparation, — ^As an ethereal salt, by the action of methylic 
iodide on trisodacetic ether : — 



fONa, 
\OOEto 

Trisodaoetie 



+ 3MeI = 



Methrlio 
iodide. 



fCMe, 

1 COEto + 

Trimethaoetio 
ether. 



3NaI. 

Bodio 
iodide. 



CHAPTER XXXIX. 

THE ACIDS. 

2. ACRYLIC OR OLEIC SERIES OF ACIDS. 

General formula of normal and f 0(CnH»,)"(C«Hj^i) 
secondary acids jOOHo 

This series is divided into normal, secondary, and olefine 
acids. In the normal acid m=0 ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as glycerin ethers in 
natural fats and oils. 

The following is a list of the acrylic series of acids ; — 



Acrylic acid 
Crotonic acid 
Angelic acid , 



NORMAL ACIDS. 

rOMe'^H 
tOOHo 

OEt'H: 

OOHo ' 
fOPr"H 

OOHo 



or 



or 



or 



0(CH,)"H 
OOHo 
0(C,HJ"H 
OOHo 

OOHo 
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PFoterebicacid {^^f or {gg^^'^''^. 

Damaluric acid C^K^fi^. 

Damolic acid ^la^iwOr 

Mopingicadd 1 C„H„0 

Cimicicacid J 

Pliysetoleic acid \ 

HypogflBic acid I CieHg.O,. 

Gaidic acid J 

Oleic acid {c^oAf'^""^- 

Elaidicacid C^gHg^O^. 

DoegKcacid C.^U^fi,, 

Brassic acid. (^Urticic\ n tt n 

acid.) / ^«^«^- 

B. SECONBABT ACIDS. 

Metl-ryHcaeid :....{^^^ or {%(^/'^'^^\ 

Me%lcrotonicaoid {gg^f - { cS^?" ^''''^• 

Ethylcrotonicacid {ggm or { gg^f^*)"(^'^»>. 



fCMe"H rCv- 

/3 Crotonic acid 1 CH, or i CH, 

[coHo [r— 



C. OLEFINE ACIDS. 

[CMe'H J'C(CH^"H 

[oofeo 

JSbrmation of Normal Adds. — 1. By the oxidation of the 
alcohols of the vinyl or C,Hj„_iHo series : — 

tCH^o + ", - jcOHo + "^»- 

.wohoL Acid. Water. 

2. By the oxidation of the aldehydes of the acrolein or 
{COH ^ ^^^■^- 

\COH + U - -[cOHo 

Aldehyde. Add. 

P 



314 THE ACIDS. 

Formation of Secondary Adda, — ^By the action of the phos- 
phorus chlorides or of phosphoric anhydride upon the ethereal 
salts of secondary acids of the lactic series, the elements of 
water are removed and the ethereal salts of the acrylic secon- 
dary division of acids produced : — 

3fC(C^^,),Ho . pcL = 3/C(C.H^)"(C.H^0 
^jCOEto + '^^^ **\COEto 

Ethereal mU of Phoffphorons Ethereal aalt of 

the laotio leriet. triobloride. the aoiylio aeiiea. 

+ POHHojj + 3HC1. 

Phosphorooa Hj;droohlo- 

aoid. rioadd. 

Ibrmaium of Ol^fine Acids, — By the action of potassic 
hydrate upon the cyanides of the C»ns„.i family of radicals : — 

fOMe"H 

\ OH, H- KHo + OH, = ^ OH, + NH,. 
I ON r^r\v^ 

Alljlio oyanide. 



KHo + OH, = 


fCMe"H 
■ CH, + 
OOKo 


PotHaio Wctar. 
hjrdnte. 


Potaaric 
^crotonate. 



Belations of the Acrylic to the Acetic Series of Acids. 

The normal and secondary acids of the acrylic series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series : — 

|CgyE.,-(CA..) + ,KHo - {giJg-)^. 

Add of the aorylic leTief. Fotasric Fotaesio nit of add 

hydrate. of the aoetio Beriea. 

, fC(C^;H^.,)H, „ 

+ tCOKo + ^- 

Fotaado salt of add 
of the aoetio series. 

All the members of the acrylic series found in nature give 
acetic acid as one of the acids produced in this reaction. 
From this and other considerations it is believed that their 
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basjlous radicals all contain one atom of hydrogen and a dyad 
iradical. They are normal acids ; and by the action of fused 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus : — 



r OMe"H 
\COHo 

Aorylioadd. 

rOEt"H 
tOOHo 

Orotonio 
acid. 



+ 2KHo 

Potaaaie 
hydrate. 



-{ 



+ 2KHo = 



Potaano 
hydrate. 



COKo 

Potaaaio 
acetate. 

_/CH, 
~ tCOKo 

Fotaade 



tCOKo 

Potaaaie 

formate. 

tCOKo 

Potaaaie 
acetate. 



+ H,. 



+ K 



fOPr"H 
\OOHo 



Angelic 
aod. 



-f 2KHo 

Potaaaie 
hydrate. 



- {ooko 



+ H, 



Potaaaie 
acetate. 



/CMeK 
tCOKo 

Potaaaio 
propionate. 

Some of the secondary acids also give acetic acid when treated 
with fused potassic hydrate ; but this can only happen when the 
dyad radical is ethylene, thus : — 

+ H.. 



+ H, 



rCMe"Me 
OOHo 

Methaorylio 
add. 


+ 


2KJlo = 

Potaaaie 
hydn4». 


rOMeK 
jCOKo 

Potaaaie 
propionate. 


+ 


COKo 

Potaaaio 
formato. 


rOEf'Me 
tcOHo 

Methylcro- 
tonioadd. 


+ 


2KHo = 

Potaaaio 
hydrate. 


fCMeK 
qOKo 

Potaadc 
prcqpioiute. 


+ 


{coko 

Potaadc 
acetate. 


r OEt"Et 
COHo 

Ethyloro- 
tonioadd. 


+ 


2KHo = 

Potaaaie 
hydrate. 


JOEtH- 

COKo 

Potaaaio 
bufynte. 


+ 


{ooko 

Potaadc 
acetate. 



+ H, 



ACBTLIC ACID. 

fCMe"H 
\COHo • 

Molecular weight =72. Boih at about 100°. 

Preparation. — ^By the oxidation of acrolein with argentic ox- 
ide: — 

rOMe"H . ^. fOMe"H 

lOOH + *^^S» = jOOHo 

Aarolftin. Argentic oxide. Acrylic add. 

p2 



+ Ag,, 
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Beactums. — 1. Acrylic acid, under the influence of nascent 
hydrogen, produces propionic acid : — 

rOMe'^ . jr fOMeH, 

toOHo + -^ = tOOHo • 

AorylioMid. Fropionio 

ftoid. 

2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 



OLEIC ACID. 

rC(C,H.J'H 
\O0Ho 

FreparaUan, — Obtained in the purification of stearic acid. 
Eeaction, — Heated with potassic hydrate, it gives potassic 
acetate and palmitate : — 

Oleic add. Potasrio Poteaaio PotMsic palmitete. 

hydrate. acetate. 



CHAPTER XL. 

THE ACIDS. 



3. LACTIC 8UBIES OF ACIDS, 

General formula of normal and secondary acids : — 

r 0(CnHa«+i)(C«H^+i)Ho 
\OOHo 

In the normal acids m in this formula =0 ; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one atom of oxatyl, the fourth bond of the carbon 
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of which is united with the carbon of a basylous group, con- 
taining one atom, and one only, of hydroxyl, or of the peroxide 
of a monad radical, either alcohoHc or acid. The following 
examples will serve to illustrate this definition : — 




The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight divisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 

3. Secondary Adds. 

4. Etheric Secondary Acids. 
6. Normal Olefine Acids. 

6. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acids. 



1st. Normal Adda, — ^A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
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oxatyl, hydroxyl, and at least one atom of hydrogen. The 
general formula of these acids is therefore 

ro&nao 

lOOHo • 

In this formula K may be either hydrogen or any monad 
alcohol radical ; and the numb^ of acids possessing the same 
atomic weight, and belonging to this division, is determined by 
the number of isomeric modifications of which the alcohol 
radical is susceptible. Thus, of the acids containing two, three, 
or four atoms of carbon, there can be only one of each belong- 
ing to this division, because these acids cannot contain an 
alcohol radical higher in the series than ethyl, and this radical 
is not susceptible of isomeric modification ; but a normal acid 
containing propyl can have one isomer in this division, the two 
acids containing respectively propyl (OEtHa) and isopropyl 
(CMe^H). For acids of this division containing normal alco- 
hol radicals only, the following general graphic formula may be 
given . — 



In the case of glycollic acid n=sO. 

The following are the acids at present known belonging to 
this division : — 

GlycolUcacid {ooko^* 

T x: A fOMeHHo 

^^^o^^i {oOHo • 

r\ X. 4^' 'A rOEtHHo 

Oxybutyric acid \OOHo ' 
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Valerolactic acid i COHo ^' 



Leucic acid . 



fOBuHHo 
\OOHo ' 

2iid. Utherie Normal Adds, — ^An etberic normal acid of the 
lactic series is constituted like a normit acid, but contains a 
monad organic radical, chlorous or basjlous, in tbe place of the 
hydrogen of the non-^xatylic hydroxyl. The following is there- 
fore the general formula of these acids : in the graphic formula 
«, as before, may =0. 



or 




fC 
\OOHo 



The number of possible isomen^ belonging to this division is 
very great ; for, in addition to those of which the normal acids 

containing £ of the same value are susceptible, a host of others 

+ ± 

must result from the complementary variation of B and E. 

The lowest member of the division, methylglycollic acid (iso- 
meric with lactic acid), is the only one incapable of isomeric 
9iodi£[cation. 

The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division : — 

MethylglycoUic acid ( OO^^"^- 

Ethyl.Lictica<5id (oOH^*''- 

Aceto-lactic add 15^^^^^^* 

\ COHo 

3rd. Seeondojy Aeids, — ^A secondary add of the lactic series 
* Ago =p6roxide of acetyl, 02HsOs. 
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is one in which an atom of carbon is united with oxatyl, hy- 
droxyl, and two atoms of a monad alcohol radical. The 
general formula of these acids is 




© »'{sfe 



In the graphic expression, the values of n and m may differ ; 
but both are positive integers, and neither may =0. In the 

symbolic formula K must be a monad alcohol radical. The 
following examples will serve to illustrate their constitution : — 

DimethoxaUc acid {oO^?^- 

. Ethomethoxalic acid (oOH?^^' 

DiethoxaUc acid {ooS^* 

The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two alcohol radicals, and, secondly, 
by the number of possible isomers of these radicals. The two 
lowest terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. Etheric Secondary Acids, — ^These acids stand in the 
same relation to the secondary as the etheric normal to the 
normal acids; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic hy- 
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droxjl. The following is therefore the general formula of 
these acids : — 



©• 







5th. Normal Olejme Acids, — A normal define acid belonging 
to the lactic series is one in which the atom of carbon united 
with oxatyl is not combined with hydroxyl, and in which the 
atom of carbon united with hydroxyl is combined with not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formulae of the acids belonging to this 
division : — 




^ ^ ^ ^ rO^HHo 

0-0-0 0-0-© or <gH,)„ 

In both these formul© n must be a positive integer and 

cannot =0, but K may be either hydrogen or a monad alcohol 
radical. The defines of these acids may belong either to the 
ethylene or ethylidene series. 

The following are the only acids at present known belonging 
to this division : — 

rCH,Ho 

Paralactic acid 1 OH, 

COHo 



Paraleucic acid. 



rcE 
loo 



H,Ho 
COHo 



p5 
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The number of isomers in this diyision will obyiously depend, 
first, upon the complementary variations of B and (CH^n ; 
secondly, upon the isomeric modifications of which K is sus- 
ceptible; and thirdly, upon the isomeric modifications of 

6th. Mherie Normal Oleflne Adda, — ^These acids only differ 
from the normal define acids in having the hydrogen of the 
non-oxatylic hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 



(2H!>-© 






As in the fifth division, n must be a positive integer and cannot 

=0, whilst K may be either hydrogen or a monad alcohol 

± 
radical ; but B must be a monad compound radical, either acid 

or alcoholic. 

7th. Secondary Olqfine Adda. — ^A secondary define acid of 
this series is one in which the atom of carbon united with 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon tmited with hydroxyl is also combined with two 
monad alcohol radicals, as shown in the following formulae : — 




oiHo 
COHo 



0-0-0 

In both of these formula n must be a positive integer and 

cannot =0, and B must be a monad alcohol radical. 

8th. Etheric Secondary Olefine Acids, — ^These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. No member of the seventh or eighth 
division has yet been formed. 
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Formation qf the Normal Acids. — 1. By the oxidation of 
the glycols, or diacid alcohols. 

fCH,Ho . o - /CH3H0 , Q^ 

OI706L. GlyooUio Water. 

lidd. 

2. By the oxidation of the C^an-i^^^ alcohols: — 

{^, + O. - {§?£" + OH.- 

Bthylio Gljodllio Water, 

.aloonol. add. 

3. From the fatty acids, by converting them first into chlo- 
ro-substitution acids, and then acting upon these compounds 
with potassic hydrate : — 



jCOHo ^ + ^la =» \COHo + ^^^' 

Fattj add. Chloro&tty add. Hydrochlorie 

add. 

Chloro&tty add. Potaisio Narmaladdofthe Fotaasic 

hydrate. laotio series. chl<Nride. 

Formation of Secondary Adds. — By the action of the zinc 
compounds of the monad radicals upon ethylic oxalate, and 
the subsequent addition of water : — 

rCOEto . nznrPH ^ -/C(aH^iX(Zn"aHa^,0) 
1 COEto ^ 2Zn(C,H^x), - | qqjj^ 

Etiivlio Zinc compoimd of 

oxalate. monad radical. 

\ COEto ^ '**'"» ~ \ COEto 



{& 



Water. Secondary add. 

^*i»H-i + ZnHo,. 



Hydride of Zindc 

radical hydrate. 



( 
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IbrmoHon of Ol^fine Acids, — ^By uniting a dyad radical with 
carbonic oxydichloride {phosgene gas) under the influence of sun- 
light, and subsequently acting upon the product with potassic 
hydrate : — 

q]^ + COCl, = (^(COCl)' 

Ethylene. Carbonic ozydi- ^ Chlorpropionylio 

chlmide. chloriae. 

(Phoegenegas.) 

{o|5oCl)+3KHo = {g55"oKo)+2KCl+OH.- 

^ Chlorpropionjlio Potaadc Potaario Potaasio Water, 

chloriae. hjdrate. paralaotate. diloride. * 

Belations of the Lactic to the Acetic Series of Adds, 

1. The transformation of the acetic or fatiy into the normal 
lactic series of acids has been mentioned aboye (p. 323). 

2. The converse operation is effected with the normal and 
secondary acids of the lactic series by means of hydriodic acid : — 

r C(aH^0(C.H»^0Ho^2HI = f C(C.H2^i)(C^H»^0H 

Acid of lactic seriea. Hydriodic Add of acetic seriea. 

add. 

+ OH, + I,. 

Water. 

If m does not =0 the fatty acid will' be a secondary one, 
like the member of the lactic series from which it is derived. 

Belations of the Lactic to the Acrylic Series of Adds, 
If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous trichloride, the ethereal salts of the 
secondary acids of the acrylic series are produced : — 

^ 1 COEto H-t^ia-rf I COEto 

Ether of lactic series. Phosphorous Ether of aorjiio seriea. 

trichloride. 

+ POHHo, + SHCl. 

Phosphorous Hydrochloric 

acid. acid. 
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This reaction has not yet been produced in the case of the 
normal acids of the lactic series. 

A secondary lactic acid mimis OH^s an acrylic acid. The 
reverse of this operation has not been performed. 

LACTIC ACID. 

f CMeHHo 
tCOHo 
8p. gr. 1-216. 

Oecmrenee, — ^In sour milk, Sauerkraut, fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-fectories, in blood, iirine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids is paralactic acid (see p. 327). 

Freparation. — By fermenting sugar with putrid cheese. 

For other processes, see pages 329 and 330. 

Its salts have the following general formulsB : — 

i CMeHHo 
f CMeHHo 
\ COMo • 



CO-O^ • 
, CMeHHo 

Salts of monad metals. Salts of dyad metals. 



laomerism in the Lactic Series, 
The synthetical study of the acids of this series affords an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, we have 
for glycollic acid the formula 
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An inspection of this formula shows that. ^ycoUic acid 
admits of no isomeric modification, except with a total change 
of tjpe. The part of the formula below the dotted line repre- 
sents oxatjl, which cannot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula aboye the dotted line, which admits of 
the following modification : — 




The acid represented by the formula so modified no longer 
comes within the definition of the lactic series. It is carbo- 
methylic acid, and differs essentially from glycoUic acid and 
the lactic series in general, inasmuch as the carbon of its 
chlorous radical, oxatyl, is linked to the carbon of the basylous 
radical by oxygen*. 

* Bearing this constitution of carbomethylio add in mind, we have onlj 
to go one step further in order to perceive the constitution of carbonic acid 
itself and the anomalous basicity of this acid; for if, in the above graphic 
formula for carbomethylio acid, we replace the methyl by hydrogen, we hare 





Carbomethylic add. Carbonic acid. 

It is thus evident that the radical oxatyl, when united with hydroi^l, has 
sufficient chlorous power to produce a feebly dibasic acid ; but inasmuch as 
carbonic acid is not included in the category of organic acids, it forms no 
exception to the law that an organic acid containing n atoms of oxatyl is 
w-basic. 
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There beiQg no dedsiye evidence that homolactio acid differs 
firom glycollic acid, experiment and theory both agree in 
asserting that the formula CgH^Oj represents only one acid in 
the lactic series. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable of the following 
three variations without quitting the lactic type : — 



No. 1. 



No. 2. 



No. 3. 






Or, expressed symbolically : — 



No.l. 

JCMeHHo 
tCOHo • 



No. 2. 



No. 3. 



{CH Ho f CHjHo 

CH:(COHo)-^|gg|j^- 



fCH,Meo 
\COHo • 



All the acids represented by the above formulsB are known. 
The first expresses the constitution of lactic acid, which 



senes. 



belongs to the normal division ( {SSS"^^) of *^® 

described at page 317 ; the second shows the atomic arrange- 
ment of paralactic acid ; whilst the third represents methyl- 
glycollic acid. The proof that the first two of these acids are 
so constituted is afforded by the Sjmthetic processes sometimes 
employed to produce them ; for ethylidene cyanhydrate is con- 
verted by ebullition with potash into a salt of lactic acid, 
whilst ethylene cyanhydrate is transformed under similar cir- 



328 THE ACIDS. 

ciunstances into paralactic acid. It has also been mentioned 
above that by the action of phosgene gas upon ethylene, para- 
lactic acid is produced. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 



or {JJfrf: 



it would consist of an atom of methyl and an atom of hydrogen, 
both united with an atom of carbon, two of whose bonds satisfy 
each other. Thus the formation of ethylidene dichloride from 
aldehyde and phosphoric chloride takes place as follows : — 

{c5b + ^Cl. » {%%^ + POCI3. 

Aldehyde. Phosphoric Ethylidene Phosphoric 

chloride. dichloride. o^^tricmoridew 

the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 





or 



Ich; 



Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. 1, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and paralactic 
acids ; hence No. 1 is the constitutional formula of lactic acid, 
and No. 2 that of paralactic acid, — ^a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
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of these acids can be traced. Thus in the formation of lactic 
acid by the oxidation of propylic glycol, we have 

JCMeHHo . ^ JCMeHHo ^ ^^^^ 

tCH,Ho + ^a = jcOHo + °^«- 

Propylic glyooL Lactic add. Water. 

Again, in the production of this acid from ethylidene cyan- 
hydrate, 

{cHko(CN'") +KHo+OH,= (crao(COKo) + ^^^ 

Ethylidene Potassio Water. Potassic lactate. Ammonia, 

cjamijdrate. hydrate. 

The formula given for potassic lactate in this equation is only 
apparently different in type from that previously used for lactic 
acid, since 

{CTko(COKo) = CMeHHo(COKo) = {g^^™" 

In the reaction by which chloropropionic acid is transformed 
into lactic acid we have the following change : — 

{S"' + ^^H, . {g»«™° + KCl + OH.. 

Chloropropionic Potassio Potassio lactate. Potassic Water, 

add. hydrate. chloride. 

The production of lactamic acid {alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

\ CO(N^H,) + ^H +^^+^^-\COHo +NH,C1: 

Ammonio Hydrocyanic Water, ^dro- Lactamic add Ammonio 

aldehyde. add. chloric (alanin). chloride. 

add. 



Lactamic add Nitrons Lactic add. Water, 

(alanin). add. 

Not the least interesting reaction illustrative of the consti- 
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tuidon of lactic acid is the formation of tliis acid by the action 
of nascent hydrogen upon pyruvic acid: — 

fCOMe ^ TT JCMeHHo 

\COHo + ^ - \COHo • 

Pfnrric uad. Laotio add. 

By an analogous reaction, glyoxalic acid, which is the next 
lower homologue of pyruvic acid, has been transformed into 
glycoUic acid. 

\COHo + ^ - \COHo- 

Olyoxalio ftdd. GlyooUio add. 

In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or define division of these acids, 

l(CH,)".(COHo) °'|gJSV- 

That paralactic acid possesses this constitution is proved, 
first, by its production from cyanhydric glycol — 

{c]^fcV)+ ^^° + o^. = {§^„° + ''»•' 

CTanhydrio Potaado Water. Potasdo Ammonia. 

glyooL hydrate. paralactate. 

and secondly, by its formation from phosgene gas and ethylene 
(see p. 324). 

By the action of water upon the chloride of /3 chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst chloropropionic acid gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. Now, 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formulae : — 
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A comparison of these fommlsB with those of lactic and para- 
lactic acids (p. 327) shows at a glance that !No. 1 is the 
chloropropionic acid which yields lactic acid, whilst "No, 2 is 
iso-chloropropionic acid, which, by the substitution of its 
chlorine by hydroxyl, must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl-glycollic acid (No. 8, 
p. 327) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomerism, that we now encounter no less than 
eight possible isomers, all within the lactic &mily. 



Nomud. 
No. L 



rCEtHHo 
\COHo • 



Beoondaiy. 
Ko.a. 

f OMe,Ho 
tCOHo • 

ITonnal olefine. 



Etherio ncnnnaL 



NaS. 

f CH-Eto 
t COHo • 



No. 5. 

CHKo 
CH, 

COfeo 



No. 6. 



No. 7. 



Nai. 

f CMeKMeo 
tCOHo 



Etherio normal oleflne. 
Na8. 



rCH,Ho rCMeHHo 
^CMeH. ^CH, 
[COHo [COHo 



fCH^Meo 

cobo 



Of these adds, Nos. 1, 2, and 3 are known. No. 1 is oxy- 
butyric acid ; No. 2 is dimethoxalic acid, which is probably 
identical with acetonic acid. On this assumption, the forma- 
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tion of the latter by the action of hydrocyanic and hydrochloric 
adds upon acetone is easily intelligible : — 

{ oSke + ON'-H + 20H. + HCl = { g^^f <> + NH^CL 

Aoetone. Hydro^TMuo Water. Hjdro- Aoetonioor 

ado. ohlorio aoid. dimethoxalio add. 

The third of the above formula is that of ethyl-glycollic acid. 

Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethoxalic acid and yalerolactic acid, are known. 
The cause of the isomerism of these two acids is seen at once 
from an inspection of their constitutional formula : — 

Ethomethoxalic acid ] COHo 

Valwolactic acid < COHo * 

Of acids containing six atoms of carbon, the following three 
are known : — 

T .J rCBuKBo 

^^<^i<^^^^ (cOHo • 

Diethoxalic acid < COHo^* 

fCH,Ho 

Paraleucic acid < (CA)"- 

[COHo 

The above formula for leucic acid is founded upon a reaction 
for the synthetical production of this acid from valeric aldehyde 
and hydrocyanic acid. Valeric acid contains butyl; conse- 
quently valeric aldehyde has the constitution expressed by the 

formula < qq-^j ^^^ the reaction in question may therefore 

be explained by the following equation : — 



{ 



go(N^,+<'+OH.+Ho,.{°«S<''"''«+»=.o>- 



Ammonio Hydro- Water. Hydro- Leadn. Anmumio 

yalerio aldehyde, cyanic omorio diloride. 

add. add. 
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Such being the rational formula of leucin, its transformation 
into leucic acid by nitrous acid determines the constitution of 
leucic acid : — 

Leaoin. Nitrons aoid. Leooioadd. Water. 



CHAPTER XLI. 

THE ACIDS. 

4. FTETJVIC SJEBIE8. 

General formula | cq^J'^^+'^- 

In this formula n may =0. 

The following list contains all the known members of this 
series : — 

Glyoxalic acid {cOHo* 

Pyruvic acid {cOHo* Boils at 166°. 

Convolvulinoleicacid... {cOHo'^''^* Fuses at 42^. 
Jalapinoleic acid {cOHo*"^'*^- '» ^^''• 

Ricinoleic acid {cOHo^'^' " ^*'- 

The first two members only of this series are well known. 
These acids are the semialdehydes and semiketones of oxalic 
acid, and they stand in much the same relation to this acid 
as that which acetic aldehyde occupies with regard to acetic 
acid:- 

'CH3 rCEL 

COHo- \O^L' 

Acetic acid. Acetic aldehyde. 



{: 



334 THE ACIDS. 

fOOHo fCOH 
\COHo= tCOHo- 

Onlio Mid. Gljoxalio Aoid. 

The same chemical change, when repeated upon the other 
half of oxalic acid, converts this acid into a true aldehyde, yiz. 

Glyoxal...{gg|. 

Both glyoxal and glyoxalic acid are produced by the oxidation 
of ethylic alcohol by nitric acid : — 

{cilHo + 0. = {ggi + 20H,; 

Ethrlio Glyoxal. Water. 

alooAoL 

fCOH . « fOOH 

\COH + ^ = tOOHo- 

Gljoxal* Oljoxalic 

add. 

Glyoxalic acid reduces silver salts like an aldehyde, and is 
transformed into oxalic acid : — 

fCOH , ^ fCOHo 
tCOHo + ^ - \COHo- 

Glyozalio OxaUo 

acid. aoid. 

These reactions show clearly the relations of the pyruvic 
series to oxalic acid. 

The pyruvic series is also closely related to the lactic series 
— the first two members of the former absorbing hydrogen and 
being converted into glycoUic and normal lactic acids respec- 
tively : — 

JCOH . TT _ fCH,Ho 
\COHo + ^ - jCOHo- 

Gljoxalio GlyooUio 

add. acid. 

rCOMe . TT _ fCMeHHo 
tCOHo + ^ - \COHo • 

Pyrn-vio Laotae 

add. add. 
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5. THE GLTOXTLIC 8EELES OF ACIDS, 

General formula... {coH^^'^'^^' ^^ ] c!1h1_iHo. 

In the second fonnula n may =0. 

The two following acids of this series are known : — 

Formula. PhTsical condition. 

{CSHo 
COHo** Syrupy, crystalline hydrate. 

rCH,Ho 

Glyceric acid \ CHHo. Syrupy. 

[COHo 

These acids are dihydric, but monobasic, and are related to 
the glycerin series of alcohols in the same way in which the 
members of the lactic series are related to the glycols : — 

fCH,Ho fCH,Ho 

tCH,Ho- tC^lIo* 

GlyooL GlyooUio add. 

rCH^o |'CH,Ho 

\ CHHo . \ CHHo. 

(CH^Ho [COHo 

OlyceriiL Olyoerio add. 

Gljceric acid has hitherto been but little investigated. 



CHAPTER XLII. 

THE ACIDS. 

6. TRU BENZOIO OB ABOMATIO SUSIES OF 
ACIDS. 

Gteneralformula... ( oJJgJ*^'^'^. 
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The following terms of this series are known : — 

Phenoic acid 1 f C.H, Fuses at 60°. 

CoUinicacidJ *- \COHo* Fuses at 100°. 

Benzoic acid | cOHo '^^'- ^®®® ** 12r-4. 

ToluyUcacid {c^^o'^"". 

Cuminic acid { c^^?*^^'- ^^^ »* ^2°. 

These acids have the same constitution as those of the acetic 
series, but contain the C^H^^y radicals. 

They have been much less studied than the acetic series, and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycoUic, 
pyruvic, and glyoxylic series bear to the acetic series. Already 
an acryloid acid of this section is known corresponding to an 
unknown homologue of benzoic acid : — 

\OOHo . • tcOHo 

Unknown add. Cinnamio add. 

Cinnamic acid is decomposed, like the acids of the acrylic 
series, when treated with fused potassic hydrate ; it gives, under 
these circumstances, potassic acetate and benzoate. For the 
analogous reaction in the acrylic series see p. 314. 

Salicylic acid is the lactic acid of benzoic acid : — 

tOOHo jCOHo 

Benxoio add. Salicylic add. 

and the oil of meadow-sweet (Sptraa ulmaria) is generally re- 
garded as the aldehyde of salicylic acid : — 



( 



0(C,H,)HHo 
OOH 
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BENZOIC ACID. 



fC(CH3)H, 
\COHo 

Molecular weight 8122. Molecular volume rV\ * 1 ^^^ of 
benzoic acid vapowr weighs 61 criths. Fuses at 121^*4. 
JSoils at 239°. 

Occurrence, — ^In many balsamB and gums. In putrid urine. 

Fre^>aration, — 1. By the oxidation of oil of bitter almonds 
(p. 295). 

2. By the action of fused potassic hydrate on cinnamic 
i<5id : — 

Cinnamic Potaano Potaasio Potaaaio 

acid. hydrate. acetate. bensoate. 

8. By boiling hippuric acid with hydrochloric acid : — 
C.H.NO, + OH. = C^.NO, + {cgi?'^^- 

Hip^nric Water. Gljcocuu Benzoic 

aod. acid. 

4. By the action of oxidizing agents on casein or gelatin. 

6, Prom gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 



CHAPTEE XLIII. 

THE ACIDS. 

DIBASIC ACIDS. 



General formula... A(COHo), or {b^^coHo^' 

A and B being dyad radicals containing C„H^Oj. 

These acids all contain two atoms of oxatyl ; and if in the 
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general formula n, m^ and Z = 0, oxalic acid will be the first term 
of the series. 

Ibrmation, — Many of the dibasic acids are produced by the 
oxidation of substances richer in carbon, such as oils and f&tB, 
Others are found ready formed in nature. 

Beactions, — 1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides : — 

fA(COHo) ^ OH. + |^(^%\ 
tB(COHo) = "ll> + \B(CO"/ 

Add. Water. Anhydride. 

2. If the anhydride be submitted to the action of phosphoric 
chloride, an atom of oxygen is replaced by two of chlorine : — 

{S^gSo) + pot . {g<ooa, ^ ^e,.. 

Aj^ydride. Phosphoric Chloride. Pho sphoric 

chloride. oaTtriohloride. 

8. Both the anhydrides and the chlorides are reconverted 
nto the acids by the action of water : — 

fA(COCl) . oQ^ _ rA(COHo) . o„p. 

Chloride. Water. Acid. Hydrochloric 

add. 

The dibasic acids may be divided into the four following 
series : — 

1. Succinic or acetoid series \ q^h" /qqHo) * 

In the first member of the series w =^0. 

2. Fumaricoracryloidseries "{ca:!(w1o)- 

3. Malic or lactoid series | c"h"((5ho f^"^^- 

4. Tartaric or glyoxyloid series ... { g»^;g:(gSg^>. 

The first and second series are dibasic and dihydricy the third, 
dibasic and trihydricy and the fourth, dibasic and tetrahydric. 
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1. TKE SVCCIJSnO OB ACHTOID SUBIHS. 
fOOHo 



General formula . . . 



f^jr rCOHo 

^»^ or \ C,H^ . 



The following members of this series are known : — 

COHo 

CH, . Fuses at 140°. 

COHo 

COHo 

C,H. . Fuses at 180°. Boils at 235°. 

COHo 

COHo 

C3H, . Fuses at 112°. Boils at 200°. 

COHo 
fCOHo 

Adipicadd i C.Hg . Fuses at 140°. 

IcOHo 
fCOHo 

C«Hi, . Fuses at 134°. 

COHo 



Malomeadd .... 
Succinic acid .... 
Pyrotartaric acid 



Pimelic acid 
Suberic acid 




Fuses at 125°. 



fCOHo 

Anchoic acid < C7H14 . Fuses at 116°. 

[COHo 
fCOHo 



Sebacic acid. 



Boccellic acid . 



C,H„ . Fuses at 127°. 
COHo 
fCOHo 
C^^Hjo. Fuses at 132°. Boils at 200°. 
COHo 

It is obvious that there may be several modifications of each 
of these acids. Thus there may be two succinic acids, one 
containing ethylene, and the other ethyKdene (see p. 346) : — 



fCH,(COHo) . fCH3 
tCH,(COHo) ^^ tCH(COHo); 



q2 
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1. BelaHom of the Succinie to the Lactic Series of Acids and to 
the Glycols, 
These adds are related to the lactic series and to the glycols 
in the same way as the fatty acids are related to the monacid 
alcohols : — 

fCH,Ho fCBLHo fCOHo 

\ CH,Ho- t COHo • t COHo- 

OI700L Glyoollio aoid. Ozalio add. 

This relation, howerer, does not strictly ext^id beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acids to paralactic and paraleucic 
acids : — 



rCH,(CH,Ho) 
\CH,Ho 

Itopropylio gl jooL 
(Unknown.) 

fCA(CH^o) 
t CH,Ho 

Unknown gljod. 



fOH,(CH,Ho) 
tOOHo 

Parmlaetio aotd. 

fO,H,(CH^o) 
\ COHo 

F andeaoic aoid. 



/CH,(CO] 
\COHo 



,(COHo) 



Malonio add. 



fC,H,(COHo) 
\CMo 

Adipio add. 



2. Belations of the Succinic Series to the Dyad Badicals. 

1. The succinic series is intimately related to the dyad 
radicals, the cyanides of which are readily converted into 
dibasic acids by ebullition with potassic hydrate or hydrochloric 
acid: — 

Cyanide of the Potassic Water. Fotassiosalt of the Anuno- 

ajad radical. hydrate. dibasic add. nia. 

2. Some of these acids, when heated with excess of caustic 
baryta, give up two atoms of carbonic anhydride, yielding the 
hydrides of the dyad radicals : — 

fCOHo 
'~ 2C0. 



: 



Snbeiioadd. 

fCOHo 
(COHo 

Sebadc add. 



+ (C.H.,)"E[,. 



Carbonic 
anhydride. 



2C0, + (C.H..)"H,. 



Carbonic 
anhydride. 
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These reactions are the analogues, in tlie dyad series, of 
the one by which marsh-gas is obtained from acetic acid* The 
hydrides of the dyad radicals so obtained are isomeric with 
those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successive stages : — 

In the case of a monobasic acid. 

In the case of a dibasic acid, 
1st stage... 1^": 



aH^(COHo) 
'^Ha«(COHo) 



CO, 



2nd stage... •{ C„H^ 
ICOHo 



- CO, 



-I 
■I 



[COHo 



3. BelaUons of the Succinic to the Acetic Series of Acids, 

1. By the loss of the elements of carbonic anhydride, the 
first three members of the succinic series are converted into 
members of the acetic series, containing one atom of carbon 
less: — 



fCOHo 
tCOHo 

Ozalioaoid. 

fOOHo 
[Cofao 

ICalonio 
add. 



fOOHo 
OOHo 

Suooiiiio 
aoid. 



{ 



CO, + 

Carbonic 
anhydride. 

CO, + 



Carbonio 
anhydride. 



CO, + 



Carbonio 
anhydride. 



t OOHo' 

Fonnic add* 



{cofao- 



Aoetioaoid* 



fOMeK 
\OOHo • 

Propionic 
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In the first two cases the action of heat alone is sufficient 
to effect the transformation ; but in the third the attraction of 
lime for carbonic anhydride must be superadded. 

2. Conversely, the members of the acetic series may be con- 
verted into those of the succinic containing one atom of 
carbon more, by replacing one atom of the methylic hydrogen 
in acetic acid by cyanogen, and then boiling with potassic 
hydrate : — 

{gSL^N") + .EH. . {g=i«0^»)^ »H.. 

Cyanaoetio Mid. PotMsio Potaamc malonate. Ammonia, 

hjdrate. 

The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions : — 

2{?OHo + 2KHo - (ggg + 20H, + H,. 

Fonnioadd. Potaoio Potasmo Water, 

hydrate. oxalate. 



SUCCINIC ACID. 

rcoHo 
lcbd:o 

Fuses at 180°. Boils at 236° 

Occurrence, — ^In amber; in some kinds of lignite; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

Formation. — 1. By the action of potassic hydrate upon ethy- 
lenic cyanide (p. 289) : this reaction proves that succinic add 
contains ethylene, and that its constitutional formula is as 
above given; but an isosuccinic acid must be capable of 
formation, though hitherto never obtained. This acid will 
obviously contain ethylidene in the place of ethylene ; and its 

fCOHo 

formula will be ^ CMeH. (See p. 346.) 

[COHO 
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+ OH,. 



2. By the oxidation of butyric acid by nitric acid : — 

{^^ + 0. - {§1; 

Botyrio add. Snocinio add. Water. 

The nature of this reaction is more clearly seen trith fully 
developed formuLe, thus : — 

fCH. rOOHo 

S + 0. = ci; + OH. 

,COHo [COHo 

BntTiio add. Soodiiio add. Water. 

3. By the reduction of malic acid by fermentation, or by 
hydriodic acid : — 



rCOHo 
CHHo 
CH, 

LCOHo 

Malic add. 



+ H, 



COHo 
CH, 
CH, 
COHo 

Saodnic add. 



+ OH,. 



Water. 



4. By the reduction of tartaric acid by hydriodic acid : — 

COHo rCOHo 

CHHo . .jrj ICH, 

CHHo + *H^ = icH 
COHo I COHo 



+ 20H, + 21,, 



Tartaric 
add. 



Hydriodic 
add. 



Snodnio 
add. 



Water. 



It is evident that this reaction is perfectly analogous to that 
by which lactic acid is transformed into propionic acid (p. 308). 

5. The two isomeric acids, fumario and maleic acids, are 
converted by nascent hydrogen into succinic acid : — 



{COHo 

r,iCH 

)CH 
tCOHo 



+ H, = 



COHo 

"C + 

COHo 



H, = 



fCOHo 
CH, 
CH • 
COHo 

Snodnio add. 

COHo 
CH, 
CH, • 
COHo 

Snodnio add. 
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The two processes by which saccinic acid is always prepared 
are, the distillation of amber and the fermentation of calcic 
malate. 

BeactioM. — 1. By distillation, saccinic acid splits almost 
entirely into succinic anhydride and water : — 



fOOHo f 

m. - { 



CO — , 
JI. 



O^. + OH.. 

o ICO ' 

Sneoiaio Saooinio Water. 

Mid. aaliTdride. 

2. Under the action of nascent oxygen produced by electro- 
lysis, succinic add yields ethylene, carbonic anhydride, and 
water: — 

COHo 

CX + = C,H, + 2C0, + OH,. 

Saooinio Bfhjlene. Carbomo Water, 

aoid. ftnhjdride. 

3. Succinic acid may be boiled for hours with concentrated 
nitric acid without suffering any change ; neither is it affected 
by a miiture of potassic chlorate and hydrochloric acid ; but it 
produces acetic add when distilled with sulphuric acid and 
manganic oxide. 

4. Succinic add forms three kinds of salts, yiz. : — 

NeutnL Amd. Superacid. 

rCOMo I COHo fOOHo fCOHo 

[cbMo" |ob]4o' Icbuio lobrfo' 



fCO— , 
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Formula. 



CHAPTER XLIV. 

THB ACIDS. 

2. FUMAEIG OB AGBTLOIB SUBLES. 
General formula../' | c^lriCCOHo) ""^ G^^^^^^OUo),. 

In this series there are three isomeric acids containing four 
atoms of carbon, viz. 

Fumaric acid \ 

Maleic acid I "C';H,(COHo), ; 

Isomaleic acid j 
and three other isomeric acids containing five atoms of carbon, 
viz. 

Itaconic acid '\ 

Citra<;onic acid I ^C3)^H,(COHoX. 

Mesaconic acid j 
Rational notation predicts the existence of a fourth acid 
belonging to the four-carbon group. The following are the 
four possible formulae for these acids : — 

No. 1. No. 2. No. 3. No. 4. 




{COHo 

}CH • 
^OOHo 



r COHo 
COHo 



fOOHo 
i C("CH)H. 
COHo 



fCOHo 

i CMe" . 
[COHo 

«5 
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Of these formul», Nos. 1 and 2 represent fumaric and nudeic 
acids. Data are still wanting to enable its own particular for- 
mida to be assigned to eacb of these acids ; but the first two 
formulffi must belong to fumaric and maleic acids, because both 
these acids yield succinic acid under the influence of nascent 
hydrogen, thus : — 



No. 1. 
{COHo 
.,/CH 
]CH 
^OOHo 




+ H, 



+ H, 



COHo 
COHo 



COHo 
OH, 
OH 
OOHo 



Saooiiiic ftdd. 




Saooimo add. 



That succinic acid contains ethylene ( " ] Ch!) ^^ ^^^ 
ethylidene ( \ ,,Q-^^\\aj^TOYeihjits{ormB,tionGi^omet}ijlemc 

cyanide (p. 289) ; but formul» Nos. 3 and 4 give, by the addi- 
tion of two atoms of hydrogen, the formula of the hitherto 
unknown isosuccinic add containing ethylidene, thus : — 



No. 3. 

fCOHo 
\ CrCH)H 
[COHo 

No. 4. 
rCOHo 
\ CMe" + 
[COHo 



+ H, = 



H, = 



COHo 

CMeH. 

COHo 

COHo 

CMeH. 

COHo 



Isosncciikic add. 
(Unknown.) 




Isosaodnioadd. 
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Fumoric add combines directly with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinic acid. The following 
formulffi show the nature of this isomerism : — 



Oorreeponding to No. 1. 



COHo 
OHBr 
CHBr 
COHo 




Corresponding to No. 2. 



fCOHo 
CH. 
CBr, 
COHo 



When acted upon by naecent hydrogen, both these isomeric 
bromo-acids produce, as might be expected, the same succinic 
acid: — 




COHo 

CHBr , „ 
CHBr + "* 
COHo 



rCOHo 
CH, 
CBr, 
COHo 



+ K = 



rcoHo 

CH, 
CH, 
COHo 

Suoomio 
add. 

rcoHo 

OH, 
OH, 
COHo 

Sucoinio 
add. 



-f 2HBr: 



Hydrobromic 
add. 



+ 2HBr. 



Hydrobromic 
add. 



Inasmuch as formuIsB Nos. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of the two remaining consti- 
tutional formulae must be that of isomaleic acid. It is impos- 
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Bible at present to determine which of these formula is to be 
assigned to this acid ; but in any case there can scarcely be a 
doubt that isomaleic acid, when treated with nascent hydrogen, 
will yield isosucQinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
vi^. itaconic acid, citraconic acid, and mesaconic acid. There 
are no less than eleven possible formul» for this five-carbon 
group of acids ; but the three individual formulsd belonging to 
the three known acids cannot at present be determined. The 
following four formulsB will serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids : — 



No. 2. 



No. 3. 



No. 4. 




{COHo 
„ J CH 
JOH . 
/OH, 
lOOHo 



rOOHo 
CH, 
OMe" • 
COHo 



Itaconic, citraconic, and mesaconic acids stand in the same 
relation to pyrotartaric acid as fiimaric and maleic acids occupy 
with regard to succinic acid ; for, when submitted to the action 
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of nascent hydrogen, they all yield the same pyrotartaric acid, 
and it is therefore highly probable that the fbst three of the 
above formula belong to these acids. The formula of pyro- 
tartaric acid is 





Treated with bromine, the three acids yield three isomeric 
brominated adds, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 



CHAPTER XLV. 

THB ACIDS. 

8. MATJO OB LACTOID SUSIES. 



General formula { g-J^^^^^f ^°> or 



fOOHo 
C«H*,-iHo. 
COHo 
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Only two acids belonging to this series are known, viz, 
tartronic acid and malic acid. Like lactic acid, they both con- 
tain an atom of nan-oxatfflic hydroxyl : — 

® 



Tartronic acid. 




COHo 
CHHo. 
COHo 



This acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle oxidation of tartaric acid (p. 352). 



fCOHo 

Malic acid \ CMeHo. 

tOOHo 



Malic acid may be regarded as the product of the oxidation 

rCH,Ho 
of the hitherto undiscovered butyl glycerin, -< CMeHo. 

[CH,Ho 
This add is contained in apples, and in many other fruits. 
When gently heated with potassic hydrate, hydrogen is evolved, 
potassic oxalate and acetate being produced : — 




Potassio FotMsic 



(oOKo 



Potassic 
malate. 



Potassio 
hydrate. 
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4. TABTARIC OB GLTOXTLOID SEBIE8. 

This series contains at present only two members ; but tbese 
have very numerous isomers, which have been studied, however, 
only in the case of the first. Like the glyoxylic series, these 
acids contain two atoms of nan'Oxatylic hydroxy! 

rcoHo 



Tartaric acid 



CHHo 
CHHo- 
COHo 



rCOHo 
Homotartaric or glyco- J SStt 

^«^ca«^d jCHHo 

LCOHo 
The following are the varieties of tartaric acid : — 

1. Dextrotartaric or common tartaric acid. 

2. Lffivotartaric acid. 

3. Eacemic acid. 

4. Inactive tartaric acid. 

5. Metatartaric acid. 

The internal arrangement is known only in the case of ordi- 
nary and inactive tartaric acids, which are both represented by 
the above formula. 

The difference between deztro- and IsBvo-tartaric acids is only 
physical, as far as they are at present investigated. 

Bacemic acid is a compound of dextro- and Isevo-tartaric 
acids. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
Iffivo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
mosuccinate : — 
CO Ago 

CHBr ^^„ 

CHBr + 20H, 
^COAgo 



rcoHo 

CHHo . „, ^ 
CHHo + 2AgBr. 



COHo 

Argentic dibromo- Water. Insctiye tartaric Argentio 

saocinate. acid. bromide. 
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The conyerse of tliis reaction is the transformation of tar- 
taric acid into succinic acid hj means of hjdriodic acid (see 
p. 343). 

Metatartarie acid is produced hj fusing ordinary tartaric 
add. 

BeactUmt, — 1. Ordinary tartaric acid, when treated with 
powerful oxidizing agents, gives formic acid. 

2. Under the influence of very gentle oxidizing agents, tar- 
tronic acid is formed (p. 350). 

OOHo fOOHo 

oSi; + 0. = CHHo + CO. + OH,. 

OOHo ICOUo 

Twtario Tartroido Carbonio Water, 

add. Mid. anhydride. 

8. Heated with fused potassic hydrate, tartaric acid gives po- 
tassic oxalate and acetate, but without evolution of hydrogen : — 
rOOHo 

g=i; + 8KHO . (ggf; + {^ + 80H, 

OOHo 

Tartaric Fotasaio Fotaario Foteasio Water, 

add. hydrate. oxalate. acetate. 
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TBIBA8IC ACIDS. 



Thb tribasic acids all contain three atoms of oxatyl. They 
may be divided into the following four series, each series being, 
however, at present only represented by one acid. 
1. Tricarballylic or acetoid series : — 

rCH,(COHo) 

Tricarballylic acid ... \ CH(COHo) . 

iCH,(COHo) 
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2. Aconitic or acryloid series :— 

„(CH(COHo) 

Aconitic acid ]C(COHo) • 

1CH,(COHo) 



8. Citric or lactoid series : 



fCHHoCCOHo) 

or 



Citricadd ^ CH(COHo) 

lCH,(COHo) 



4. Desoxalic or glyoxyloid series : — 

rcoHo 

Desoxalic acid 



CHHo 

CHo(COHo) • 
COHo 



Trica/rballylic acidiA trihydric. It is obtained from glycerin 
by replacing tbe hydroxyl in the latter by cyanogen, and tben 
acting upon the tricyanhydrin, so formed, by potassic hydrate : — 

fCH,(CN'") rCH,(COKo) 

\ CE(GW) + 3KHo + 30K s \ CH(COKo) +3NH3. 

[CH^(CN"') [CH,(COKo) 

TrioTui- Potaasio Water. Fotasaio tricarb- Ammonia, 

hyorin. hydrate. allylate. 

Aconitic acid {eqmsetic acid, citridic acid) is trihydric. It 
is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Heated to 160® it is con- 
yerted into itaconic acid : — 

iCOHo 
„(CH(COHo) .;CH 

|C(COHo) «= iCH + CO,. 
1CH,(COHo) \ CH, 

^COHo 

Aoonitio add. Itaoonio Garbonio 

add. anhydride. 

Citric acid is tetrahydric, and contains, therefore, like lactic 
addy one atom of nan-^xatyUo hydroxyl. It is found in the 
free state in oranges, lemons, citrons, and many other fruits, 
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also in the potato and the onion. By the graduated application 
of heat, citric acid yields aconitic, itaconic, and citraconic acids. 
At the earlier stage of the decomposition it abo yields acetone. 
Heated with fused potassic hydrate it gives potassic oxalate 
and acetate : — 
rCHHo(COHo) rrimr r mr 

{safe's) +*™<-{§Si: + 2{&+»o=.- 

Citric add. Poteario Potassio Potasno Water, 

hjdrate. oxalate. acetate. 

Desoxalic acid is pentahydric, and contains, like glyoxylic 
acid, two atoms of nan^xatylic hydroxyl. It is obtained from 
the product of the action of sodium upon oxalic ether. 
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THE ANHYDBIDE8. 

The anhydrides are compounds obtained from the acids, by 
the abstraction of the hydrogen of their hydroxyl, together wii^ 
sufficient oxygen to fonn water. 

For every two atoms of hydrogen and one of oxygen thus 
abstracted from hydroxyl, there will obviously remain one atom 
of oxygen, which, as a dyad element, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho = OH, + 0". 

Hydroxyl Water. 

On this account, two molecules of a monohydric acid are re- 
quired to form one molecule of anhydride, thus : — 

fCMeO 
2CMeOHo = ^O + OH,. 

[CMeO 

Acetic add. Acetic Water, 

anhydride. 

The anhydrides of those monobasic and dibasic acids which 
contain one and two atoms of hydroxyl have alone been investi- 
gated. 
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They may be divided into the following classes : — 



rc«H2n+i rc«H2«-7 



1. Anhydrides of the CO I CO 
monohydric mono--^ O and -^ O 
basic acids I CO ] CO 

2. Anhydrides of the rC(C„H2„+i), 
dihydric monobasic < 0, 
acids [CO 

3. Anhydrides of the rcO 

dihydric dibasic < C„H2n O. 
acids [CO ' 



1. ANRTDBIBES OF TRE MONOHTDBIC 
MONOBASIC ACIDS, 

These are known only in the acetic and benzoic series. 

They bear the same relation to the acids from which they 
are derived as the ethers to the alcohols. 

The residues of different acids can unite to form mixed 
anhydrides analogous to the mixed ethers. • Aceto-benzoic anhy- 
dride is a body of this class. 

Formation. — By the action of the chloracids, or so-called 
chlorides, of the monad negative radicals on the potassic salts 
of the acids : — 

fC(aH2n+i)0 
C(C;iH,„+0OKo+C(CnH2«+0OCl= \ O +KC1. 

PotaasitfMlt Chlonusid. Anhydride. Potassio 

chloride. 



Beaction. — In contact with water they are converted into the 
corresponding acids : — 

'C(C„H2„+0O 

^ O + OH, = 2C(CnH2„+0OHo. 

C(C^2*+i)0 

Anhydride. Water. 
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The following is a list of the anhydrides belonging to this 
class: — 



Aoetio anhydride 
Propicmio anhydride 



Bulyrio anhydride 



Valerio anhydride 



CMeO 

O o 

CMeO 

CEtO 

O o 

CEtO 

CPrO 

O o 

CPrO 

CBuO 

O o 

CBuO 

CAyO 

O o: 

CAyO 

CCpO 

O o 

CCpO 

ro(CA)o 

'lc(CeH,)0 

rCMeO 
Aoetobensoic anhydride •{ O 

10{C.H.)0 

I 0(C,H„)0 



Oi^roio anhydride. 
(Edianthylio anhydride 
Benzoic anhydride 



Ic 

ide..J0 

Is 
1° 

fO 
ide. \ O 

lo 



fO(CH.)0 
lo(CH,)0 
fO(C,H.)0 

fO(C,K,)0 
10(0,K,)0 
fC(C.H,)0 
10(C,H.)0 

ro(c.H„)o 

lo(C,H„)0 



point. 



poiiit 
138*. 



165°. 



about 190*': 



about 216*. 



42<>* 



310^ 



120« 



Gaprylio anhydride 



Felargonio anhydride. 
Palmitio anhydride 



lc(C,H„)0 

rC(C3H,,)0 
ide..-^ O 

iC(0,H„)O 

rO(C„H3,)0 
"lC(C,,H^0O 



. below 0^ about 290°. 
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2. ANHTDBIDEa OF THE BIRTDBIO 
M0N0BA8IG ACIDS, 

Formation. — By applying heat to a dihydric monobasic acid, 
thus: — 

fCMeHHo rCMeH^ . rm 

jCOHo "= too ^ + ^^- 

Lactio add. Laotide. Water* 

(Lactic anhydride.) 

Reaction. — Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were derived ; — 

fCMeH^ ^ i^-rr rCMeHHo 

JCO O + OH, = |q()2^ . 

Laotide. Water. Lactio add. 



3. AirSTDBIBES OF THE BIHTBBIO 
DIBASIC ACIDS. 

Ibrmation. — B7 the action of heat, or of substances having 
an attraction for water, upon the dihydric dibasic acids: — 

OOHo fOO , 

COHo [CO-^ 

Snoomio Saodnio Water, 

add, anhydride. 

"Reaction. — ^Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 



CHAPTER XLVIII. 

THE KETONES. 

The ketones may be regarded as derived from the fatty acids, 
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by the substitution of the hjdroxyl of the latter by a monad alco- 
hol radical; they thus resemble the aldehydes in constitution : — 

fCH, fOK fCH, 
\COHo- tCOH- tOOMe- 

Acetic Acetic Aoetcme. 

add. aldehyde. 

The ketones are also correctly viewed as compounds of oar* 
bonic oxide with monad alcohol radicals, thus : — 

COMe,. 

Acetone. 

By the action of nascent hydrogen upon the ketones, they 
are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield primary alcohols : — 

{cOMe + ^ = {cMeHHo* 

Acetone. Isopropylic 

alconol. 

Ketones, unlike aldehydes, do not oxidize spontaneously ; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potassic 
or hydric sodic sulphite. 

Forfnation. — 1. By the action of the zinc compounds of the 
positive monad radicals upon chloracids : — 

Chloncid. Zinc compound. Ketone. Zindo 

chloride. 

2. By the action of sodic ethide and its homologues on car- 
bonic oxide : — 

CO + 2Na(C„H^.x) = (g^^^^^^,) + Na,. 

Carbonic Sodium compound. Ketone. * 

oxide. 

8. By the distillation of the salts of the fatty acids : — 

rt rCnH2„4.i _ rCnH2„+i . enTTn 

^tcOKo - lCO(C.H2„+0 -^ ^^^^»- 

Potassic salt Ketone. Potassio 

of fatty add. carbonate. 



FORMATION OF KETONES. 



4. By distilling together salts of two different fatty acids, ke- 
tones containing two different basylous radicals are obtained : — 



fCEtH, 
tCOKo 

Potassio 
batyrate. 



{ooko - 

PotaEudo 
acetate. 



t OOMe "•" 

Propylmethyl 
ketone. 



COKo,. 

Potassic 
oarbonste. 



6. Ketones are also produced by the consecutive action of 
sodium and the iodides of the C„H2»+i radicals on acetic ether, 
the product so obtained being subsequently boiled with alco- 
holic solution of potassic hydrate : — 

'OH, 
CO 
CHNa 
COEto 



4 



jcofeo 



+ Na, = 2 



+ 2EtHo + H, 



Acetic ether. 



Ethjliu Bodaoetone 
carbonate. 



AloohoL 






^ COEto 

Ethylic sodaoetone 
carbonate. 



Ethylic 
iodide. 



.CO 
ICHEt 
[ COEto 



+ Nal; 



Ethylic ethaoetone 
carbonic. 



Sodic 
iodide. 



'CH3 

C^Et +2KH0 
COEto 

Etiiylio ethacetone Potassic 
carbonate. hydrate. 



fCH3 



I CO' + EtHo + OOKo,. 
[CEttt, 



Ethylated 
acetone. 



Alcohol. 



Potassic 
carbonate. 



Ethylated acetone |o^^ = {gg*^. 

In this compound one atom of hydrogen in acetone has been 
displaced by ethyl. 

the following manner : — 

(OR, 
CO 
CNa, + EtHo + H,: 

, COEto 



A second atom may be displaced in the following 



Acetic 
ethe 



Ethylic disodaoe- Alcohol 
tone carbonate. 
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fCH, 
CO 

ONa. 
COEto 

I^jlio diaodaee- 
(oiM eubooat*. 

fOH, 

CO 

CEL + 
lOOEto 

Buiylii 



+ 2EtI 

BtiijUo 
iodide. 



2EHo 



ggt +2NaI: 
^COEto 

Bttijlio dieihaoe- Sodio 
tone oarbonato. iodide. 



-( 



CO + EtHo + COKo,. 
CEt^ 



faHM oartMiiato. 



PotMdc 
hydrate. 



Diethjlitted 
acetone. 



PotsBsie 
earbonate' 



fCH. 

r 



_ fCEt,H 
" \COMe- 



Diethylated acetone < CO 

[CEfc^H 

The following is a list of the names, constitutional formulae, 
and boiling-points of those ketones which are best known : — 



Acetone {r^- 



■I 



B<nliiiff» 
point 

.OOMe ^^- 

Methylated actone, 

(Sthyl acetyl, me'. \Z^^ 81°. 

thyl acetone.) ^°®*^® 

Dimethylated ace- 
tone. (Ethyl aee.\^^ 93°-6. 

tone) '• 

Ethylated acetone... {omS ^®^°- 

Propione. (-Ef^^/CMeH, ,„o 

propionyl.) \COEt ^"^ * 

I J-Methylvaleral jg^g^ 120^. 

iJEthylbutyral \^^ 128°. 

.^ fDiethylated acetone. I co]^e ^^^" 

IJButyrone {gEg. 1440. 
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Little is known of the ketones of the C«Han-7 series. Two 
of them have been obtained : — 

(C H \ 
core H w' *^® ketone of benzoic acid, is 

obtained by heating potassic benzoate. 

Methfl henzone or methfl benzoyl ( j no?C H 's ) ^® prepared 
by distilling together calcic acetate and benzoate. 



CHAPTER XLTX. 

ETHEBBAL SALTS. 

These compounds correspond to the metallic oxysalts of the 
acids. 

The acids from which they are derived may be either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded fi*om this family ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 



• c5fao + ^° - 


= JCH3 


+ OH,. 


Aoetio add. Potassio 
hydrate. 


Potasdo 
acetate. 


Water. 


Cofao + E*H« = 


= {cOEto 


+ OH,. 


Acetic add. Ethylio 
hydrate. 


EthyUc 
acetate. 


Water. 



But as the hydrates of the organic radicals do not act upon 
mds so energeticaUy as potassic hydrate, it is often advisable 
to employ the acid in the form of a potassic salt, and the radi- 
cal as a sulphoacid, thus, with acids of the acetic series : — 

SO,Ho(C,H^,0).+ { g»^^ = { g"^^k>^^o)+SO»HoKo. 

Snlphoadd. Potassio Ethereal salt. Hydric potaasio 

salt. sulphate. 

B 



ETHEBEAL SALTS. 

Monobasic acids form only one ethereal salt witH each 
monacid alcohol ; and this salt is always neutral. 

"With diacid alcohols they each fonn two ethereal salts, and 
with triacid alcohols three ethereal salts. These are also neutral. 
Thus with acetic acid we haye : — 

Acetic salt oi a monacid alcohol : — 

jcoiito* 

BthjHo acetate. 

Acetic salts of a diacid alcohol : — 

rCH,Ho fCH,-0-CMeO 

t CH,-0-CMeO- t CH,-0-CMeO- 

K oaaoetia gljooL Ditoetio gl70oL 

Acetic salts of a triacid alcobol : — 

rOH-Ho fCK-O-CMeO fCtt,-0-OM:eO 

^CHHo . -^Cafflo . ^CH-0-OMeO. 

tCH,-0-OMeO lOHj-O-CaStfeO [CH,-0-CMeO 

Monaoetm. Diaoetin. Triaoetin. 

Dibasic acids form, with monacid alcohols, two series of 
ethereal salts : — 

1. Acid ethereal salts, as : — 

rCOEto 

Succinethylic acid S C„H. . 

IcOHo 

2. Neutral ethereal salts, as : — 

rCOEto 

Ethylic succinate < CaH. . 

[COEto 

In the same manner, tribasic acids fonn with monacid 
alcohols three series of ethereal salts, the first two of which are 
acid, and the third neutral. 

Prolonged contact with water generally decomposes the 
ethereal salts, liberating the radicals of the bases in the form of 
alcohols : — 

SO,Meo, + 20H, = SO.Ho, V 2MeHo. 

Methylio Water. Snlpbnrio Metbylic 

folphomethylate. add. aloonoL 
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Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 

(oSko + ^Ho = (ggko + ^*Ho. 

Ethjlio Potassic Potassio Ethvlic 

acetate. hydrate. acetate. aloonoL 



CHAPTER L. 

OBOANIC COMPOUNDS CONTAININO TRIAD AND PENTAD NITBOGEN 
OB THEIB ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arsenic, and 
antimony. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, and 
antimony. 



[. COMPOUNDS OF TBIAD NITROGEN AIH) OF 
ITS ANALOGUES. 

This class may be again subdivided as follows : — 



Positive. 




Neutral. 


Negative. 


1. Amines. 


1. 


Amides. 


1. Imides and 


2. Phosphines. 


2. 


Alkalamides. 


nitrides. 


8. Arsines. 


3. 


Trichlorinated and 
tribrominated amines. 




4. Stibines. 


4. 


TTaloid compounds 




5. Oxybases. 




of oxybases. 





Of these the Amines and Amides are the most important. 

b2 
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Positive or Bastlous Section. 
1. TRJE AMII^S. 

The Amines are oommonly termed organic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramines. 

The last two have been but little investigated. 

A. MONAMINES, 

There are three kinds of monamines : — 

o. Primary monamines. 
fi. Secondary monamines. 
y. Tertiary monamines. 

a. Primary Monamines. 

General formulae. 

Methyl or CnH»»^.i series N(CJff2^i)H2. 

Vinyl or GJS.^_x series N(CnHa„_.i)Hjj. 

Phenyl or 0^3^-1 series NiCJl^^^yE^. 

Formation. — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the radicals by sulphuretted 
hydrogen, ammonic sulphide, zinc and sulphuric acid, or iron 
and acetic acid : — 

N(CeH,)0, + 3SH, = N(CA)H, + 20H, + S,. 

NitrobensoL Sulphuretted Aniline. Water, 

hydrc^en. 

2. By treating cyanic ethers with boiling solution of potassic 
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hydrate. The reaction is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate : — 

CN'"Ho + 2KHo = COKo, + NH,. 

Cjnmomdd, Potassio Potasaio Ammonia, 

hydrate. carbonate. 

CN'^Eto + 2KHo = COKo, + NEtH,. 

Ethylic Potasaio Potassio Bthylamine. 

eyaate, hydrate. carbonate. 

8. By the action of the haloid ethers of the monad positive 
radicals upon ammonia, and subsequent action of potassic hy- 
drate upon the product so formed : — 

NH3 + EtI = NEtHjI. 

Ammonia. Sthylic Bthylaxnmonio 

iodide. iodide. 

NEtHjI + KHo = NEtH, + KI + OH,. 

Bthylammonio Potassio Ethylamine. Potassic WaA&r. 

iodide. hydrate. iodide. 

The following are a few of the primary monamines : — 

Methylamine NMeH, or N(CH3)H^ 

Ethylamine NEtH,^ or N(C^,)]^. 

Amylamine NAyH, or N(C,HJH,. 

AUylamine NAUH, or N(C3H,)H,. 

Phenylamine (AniUne) NPhH, or NCCeHJH,. 

BeacUon, — ^Treated with nitrous acid, they evolye nitrogen 
and yield the corresponding alcohols : — 

NPhH, + NOHo = PhHo + N, + OH,. 

Phenylio 
Phenylamine. Nitrons add. aloohoL Water. 

/3. Secondary Monamines. 

General formulae. 

Methyl or C^H,^i series N(C,P^^i)JB., 

Vinyl or C^Ha^_i series Vl(CJS:^_i)^. 

Phenyl or C^Hj^.; series N(C^Ha^_7)2H. 

The secondary monamines are deriyed from ammonia by the 
displacement of two atoms of hydrogen by monad positive 
radicals. They are sometimes called Imidogen hoses. 

IbrmaHon. — ^By the action of the haloid compounds of the 
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monad positiye radieals on the primary monamines, and subse- 
quent treatment with potassic hydrate : — 

NEtH, + EtI = NEt^HJ. 

BtiijlMnuie. Ethjlio DiethjUunmonio 

iodide. iodide. 

NEt^ + KHo = NEt,H + KI + OH,. 

DieUijkmmonie PotMdo Diethylamine. PotMsic Water, 

iodide. hjdrato. iodide. 

By using the iodide of a radical different &om that already 
contained in the primary monamine, secondary monamines 
may be formed containing two different radicals, thus : — 

NPhH, + EtI = NEtPhHJ. 

"PhenjUxahie. Ethjlio . BthylghenylMnmotiic 

(Aniline.) iodide. iodide. 

NEtPhH^ + KHo = NEtPhH + KI + OH,. 

Bthyli>henylam- Poteano Btibykthen^^lamine. Potassic Water, 

mooiciooide. hydrate. (Btaylamline.) iodide. 

The following secondary monamines are known : — 

Dimethylamine NMe,H orN(CH3),H. 

Diethylamine NEt,H orN(C,HJ,H. 

Methylethylamine NMeEtHorNCCHaKC^Hj)^ 

Ethylamylamine NEtAyHorNCCj^HgXC^HjH. 

Ethylphenylamine NEtPhH or N(C,H,)(CeH,)H. 

Piperidine N(C,HJ"H. 

Conine N(CfiJ"K. 

y. Tertiaty monamines, 

IbrmaHon. — ^By acting upon the secondary monamines with 
the iodides of the monad positive radicals, and subsequent 
treatment with potassic hydrate : — 

NEt,H + EtI = NEtjHI. 

Diethylamine. Bthylic Triethylammonic 

iodide. iodide. 

NEt3HI + KHo « NEt, + KI + OH,. 

Triethylammonic Potassic Triethylamine. Potassic Water, 

iodide. hydrate. iodide 
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By varying the radicals, tertiary monamines with seyeral 
different radicals may be formed. The following are a few of the 
known tertiary monamines : — 

Trimethylamine NMog or* N(CH3)3. 

Triethylamine NEtg or N(C,hJ3. 

Triamylamine NAy3 or N(C5lIii)3. 

Methyl-ethyl-phenylamine NMeEtPh or N(OH3)(C,H5)(C,H,). 

Pyridine N(C,H,r'. 

Picoline N(CeH,y". 

Lutidine N(C,HX. 

CoUidine NCC^HJ'". 

Parvoline N(C,B.,,)". 

The constitution of the triad radicals contained in the last 
five bases is not known. 

Tertiary monamines, when acted upon by the iodides of 
monad positive radicals, yield iodides which are not decomposed 
by potassic hydrate.. In this manner tertiary monamines may be 
distinguished from primary and secondary monamines. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potassic hydrate : thus, as we have 
just, seen, tertiary monamines are riecognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate ; a secondary monamine, however, produces an iodide 
decomposable by potassic hydrate ; but the base thus liberated 
is tertiary, and vnll therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide. A 
primary monamine requires three applications of ethylic iodide 
and potassic hydrate to produce the same result. 



B. DIAMINES. 

Formation, — ^The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
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nary or secondary monamine, by s dyad radical, which at the 
same time takes the place of two atoms of hydrogen ; thus : — 



fNH. fNH 

.^Et" . -^Et" 

[nh, [mi 



N 


fNEt' 


Et". or • 


Et" 


N 


NEt' 



Primary 



Beoondary 



TertJKj diamine. 



This reaction is effected by treating ammonia or a primary 
or secondary monamine with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus : — 



21fH, 





fNH,Br 


Et'Br, 


= < Et" 




NH3Br 


Bthylemo 
dibramide. 


dibromide. 



When the salts of ethylene diammonivim are decomposed by 
potassic hydrate, an oxide of the basylous radical is produced, 
thus: — 



1'NH.Br 
(NH,Br 

Ethylene-diam- 
monio dibromide. 



2KHo 



Potaasio 
hydiate. 



-I 



NH,-, 

Et" + OH, + 2KBr. 

NH.-I 



Sthylene-diam- 
monio oxide. 



Water. 



Potaasic 
bromide. 



In this respect the diamines differ from the monamines. 

Urea and its deriyatiyes belong to the class of diamines. 

These compounds are produced by boiling a solution of 
ammonic cyanate or ethylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO : — 



CN'"(N^H,0) = 

Ammonio oyanate. 

ON"'(N»EtH,0) = 



Sthyl-ammonio 
ojanate. 



NH, 

CO. 
NH, 

Cres. 



fNHEt 

Inh, 

Bthylurea. 
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IJreas in which ethyl and other monad basylous radicals are 
substituted for hydrogen may also be obtained by the ju^tion of 
ammonia or a monamine on the cyanic ethers, thus : — 



-li 



[NHEt 
ON"'Eto + NH, = ^CO . 

iNH, 

Ethylio Ammonia. Bthylnrea. 

ojaoate. 

fNHEt 
ON"'Eto + NH,Et = -^OO . 

[NHEt 

Bthylio Ethylamine. Diethylurea. 

oyanate. 

Beaction, — Urea is decomposed by nitrous anhydride : — 
-^OO + N,0. « CO, + 2N, + 20H,. 

Urea. Nitrons Carbonio Water, 

anhydride. anhydride. 

The following is a list of the best-Known diamines : — 
Ethylene diamine 





fNHEt 

Ethylene diethyl diamine \ Et" . 

[NHEt 



TJrea 



fNHEt 
Ethyl urea \ CO . 

Inh, 

fNHPh 

Sulphophenylurea -I CS" . 

INH. 

b5 
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THE NATURAL ALKALOIDS. 

Of the constitution of these organic bases very little is 
known. The following is a list of the chief of them, with the 
sources whence they are derived : — 

Alkaloids from Opium, 

Morphine C^.H^aNOj. 

Codeine Ci^H^iNOa, OH,. 

Thebaine Ci^H^iNOj. 

Papaverine C^B.^^'NO^. 

Narcotine C,,H^NO,. 

Narceine Cj^H^NO,. 

From Oinehona Bark, 

Quinine C^H^IST^O,. 

Cinchonine C,oH,,N,0. 

Aricine C^H^N.O^. 



M*om Tobacco, 
Nicotine , C„H,,N,. 

From Nux vomica. 

Strychnine C),jH,,N,0,. 

Brucine O^^J^fi,- 



2, 3, 4. THE FR08FH1NE8, ABSINE8, 
AND STIBIJSrES. 

These bases cannot be obtained, like the amines, by the dis- 
placement of hydrogen in phosphuretted, arseniuretted, and 
antimoniuretted hydrogen. The tertiary compounds only are 
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known ; and they are produced by reactions of which the follow- 
ing may be regarded as types : — 

AmNsl^ + 3EtI = AaEtg + 3NaI. 

Sodio EthjUc - Triethyl- Sodio 

arsenide. iodide. arsine. iodide. 

3ZnEt, + 2PCI3 = 2PEt3 + 3ZnCl3- 

Zindc Fhoephorona Triethyl- Zindo 

ethide. trienloride. phosphme. chloride. 

Unlike the amines, these bodies have a powerful affinity for 
oxygen, in consequence of which they are generally sponta- 
neously inflammable. 



6. 0XTBA8US. 
These compounds are only known in the arsenic series. 

Arsenums oxyhasen. 

Only one of these, cacodylic oxide, has been carefully in- 
vestigated. 

By the distillation of potassic acetate with arsenious anhy- 
dride, a compound known as cacodyl, 'A«"j,Me^, is produced. 
This substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 
'A«",Na,:— 



'A«",Na, 


+ 


4MeI = 


'As",Me, + 


4NaL 


Sodic 
arsenide. 




MethyUc 
iodide. 


Cacodyl. 


Sodic 
iodide. 



By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As^Me^O) is formed. 

This oxybase does not appear to unite with oxygen acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride : — 

fAsMe, 

Jo + 2HC1 = 2A«Me,Cl -h OH.. 

I AsMe, 

Cacodylic Hydrochloric Cacodylic Water, 

oxide. add. chloride. 
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Cacodylic oxide, when exposed to moist air, absorbs water 
and oxygen, forming cacodylic acid : — 

A«,Me,0 + 0, + OH, = 2A«Me,OHo. 

Oacodflio Water. OaoodTlio 

cndae. aoid. 



CHAPTER LI. 

ORGANIC COMPOUNDS OF TRIAD NITROGEN AND 
OF ITS ANALOGUES (continued), 

NsuTBAL Section. 

1. THE AMIDES, 
These compounds are formed by the substitution of amidogen 
(NHj) for the oiatylic hydroxyl of organic acids. They are 
most conveniently written on the diadelphic type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one atom of oxatyl, a monamide is 
the result ; if two atoms of oxatyl are present in the acid, a 
diamide is generally formed, <&c. Secondary and tertiary com- 
pounds can also be produced, as in the case of the amines ; but 
they belong to the negative section of this family. 

A. MONAMIDES. 

I. Primary Monamides, 
Acetamide : — 

Chloracetamide : — 

(gg^^Ci)O or NH,[0(CH,C1)0], or {ggfj. 

Benzamide : — 
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MrmoHon. — 1. By the distillation of the ammonic salts of 
the monobasic acids : — 

rCH, ^ fCH, . Q^ 

\CO(N^H,0) \CO(N"'H,) ■*■ ^^- 

Ammonio Aoetamide. Water. 



2. By the action of ammonia upon the chloradds : — 

Aoetjrlio Ammonia. Aoetamide. Hydroohloirio 

chloride. add. 

3. By the action of ammonia on the ethereal salts of the 
monobasic acids : — 

{cOEto + NH, = {co^N'"H,) + ^^^- 

Ethylic Ammonia. Aoetamide. AloohoL 

acetate. 

Beactions. — 1. Boiled with aqueous solutions of acids, the 
primary monamides yield ammonic salts and acids : — 

(oVh^ + ^^^ + OH. - NH,C1+ (ggh^. 

Aoetamide. Hydrochloric Water. Ammonio Acetic 

add. chloride. add. 

2. Boiled with potassic hydrate, ammonia is eyolved, and 
a potassic salt, corresponding to the amide, is formed. 



{c?^N'"H,) + KHo = NH. + {ggto" 

Aoetamide. Potaido Ammonia. Potaanc 

hydrate. acetate. 

II. Secondofy Monamides, 

fCH. 
CO 
. Diaoetimide ... N(CMeO),H or < NH . 

I CO 
ICH. 

Succinimide NH ■! CX I or ■! Et"l:N"'H)". 



\ CA or \ Et" (] 

ico J loo-" 
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These bodies possess a negative cliaracter, and are treated of 
under the negative section of this class as imides (p. 376). 

Tertiary monamides are little known. They are the nitrides 
(seep. 376). 



B. DIAMIDS8, 

The diamides may be regarded as derived from two molecules 
of ammonia, by the substitution of a dyad negative radical for 
two atoms of hydrogen ; or they may be considered as formed by 
the substitution of amidogen for the hydrozyl contained in the 
two atoms of oxatyl in dibasic acids : — 

J^rimary IHamides, 
Oxamide ...|^J' or {ggfj. 

Succinamide... N,H,(C,H,0 J" or N^H^ 



■4 \ Et" , 

_ ooj 



fOOAd 

or-^Et" . 

ICOAd 

Formation. — 1. By the action of heat upon the neutral am- 
nionic salts of dibasic acids : — 

fCO(lf'H.O) ^ fO0(N"'H,) Q^ 

lO0(N<0) = 1C0(N"'H,) + 20H,. 

Ammonio oxalate. Ozamide. Water. 

2. By the action of ammonia on the ethereal salts of dibasic 

acids: — 

fCOEto . „T«TT rCO(N'"H,) , o-p.^^ 

tCOEto + 2NH3 x= |co(N"'hJ + 2^^^- 

Ethrlio Aiiiin<mia. Oxamide. AloohoL 

oxalate. 

3. By the action of ammonia on the chloro-dibasio acids : — 

fCOCl fCO(N"'H,) 

4NH3 + -^Et" = -^Et" + 2NH.a. 

[COCI [C0(N"'H,) 

Ammonia. Succinylio Sacdnamide. Ammonio 

<Moride. chloride. 

The secondary and tertiary diamides are but little known. 
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C. TETAWmm. 

Frimary Triamides, — ^The primary triamides may be regarded 
as derived from tribasic acids by the substitution of amidogen 
for the hydroxyl contained in the three atoms of oxatyl of 
these acids, or as derived from three molecules of ammonia by 
the displacement of three atoms of hydrogen by the residue of 
a tribasic acid. A good example of a triamide is 

rCHHoCCOAd) 

Citramide \ CH(COAd) or N.B.JC'Efiy. 

lCH,(COAd) 

Citramide is formed by the action of ammonia on ethylic 
citrate. 

Seconda/ry and tertiary triamidea have not yet been formed. 

2. TRJE ALKALAMIDES, 

These compounds are intermediate between the amines and 
the amides. They are derived from ammonia by the substi- 
tution of part of the hydrogen by positive, and part by negative 
radicals ; and inasmuch as two atoms at least of hydrogen must 
be so substituted, no primary alkalamide can exist* 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 

Ethyl acetamide NHEt(CMeO). 

Ethyl dia<5etamide NEt(CMeO),. 

Diethyl oxamide N,H,Et,(C,OJ'. 

Diphenyl-carbonyl-oxalyl diamide . N,(CeH,X(CO)"(C,0,)". 

Citryl-triphenyl-triamide N3H3(CeH,)3(CeH,0,)"'. 

The alkalamides iacline towards basicity in their character, 
their degree of alkalinity being about equal to that of urea. 

3. 'THE TEICHLOBINATED AND TBIBBOML 
NATED AMINES. 

K the hydrogen in an amine be gradually substituted by 
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chlorine or bromine, the basic power of the amine gradually 
diminishes, and finally a neutral compound is obtained. 

This reaction has been studied in the case of aniline, which 
loses basic energy by the successive displacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen : — 

IIB,(CA). NH,(C.H.C1). NH.(C.H.Cg. NH,(C.H,Cg. 

AniliiM^. Chlmraniline. Didilomuline. Triddonuuline. 



4. THE HALOID COMFOUNDS OF OJTBASJES. 

These bodies are only known in the arsenic series ; they are 
formed by the action of chlorine, bromine, or iodine upon 
caoodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxybases. 
General formula As(CnH2n+i)aGl. 



Neoative Section. 
THE IMIDES AND NITRIDES. 

Oeneral formula... j^fi^i^^/- 2^i^^--^>- 
I of nitndes . NCCnHj^.iO),. 

Formation. — By the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides : — 

lfH,(CMeO) + CMeOCl = NH(CMeO), + HCl. 

Aoetemide. Aoetjrlio Diftoetuuide. H jdroohlorio * 

ohlcNride. acid. 

A repetition of this reaction gives acetylic nitride. 
An imide may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 



Succinimide lXK(CJS,fid"y or NH 

These bodies have hitherto received but little attention. 



{|il 
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CHAPTER LII. 

n. COMFOUNBS OF FENTAD NITBOQEN 
AND OF ITS ANALOGUES. 

This class of compounds contams the following series : — 

Negatins, 

L Or|;anio anenio 
adds, osTohlo- 
rides, ana ohlo- 
rideB. 

a. Organio antimo- 
nioadds. 



Fonivot, 

1. Oanatio Nitroffen bases. 

2. n Phosi^oras bases. 

3. M Arsenic bases. 

4. n Antimony bases. 

5. Oz;fKrsenio bases. 
& O^antimonio bases. 



NaOroL 

1. Salts of Amines. 

2. „ Fhosphines. 
8. „ Arsines. 

4. „ Stibines. 

5. „ Oxyarsenic bases. 

0. „ O^antimonio bases. 



FOaiTIVE or JBASTLOUS COMFOUJWS. 

1. Oauitic Nitrogen Bases, — 

General formula N(C«Han+i)4Ho. 

In each radical n must be a positive integer. The radicals 
need not be all of the same atomic weight. 

FomuxHon, — Bj the action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NBtJ + AgHo = NEt,Ho + Agl. 

Tetrethylammo- Areentio Tetretiiylammo- Areentio 

nio iodide. hytlrate. nic hydrate. icKlide. 

2. OtmsHe Fhosphorus Bases, 
8. Causiie Arsenic Bases, 

4. Caustic Antimony Bases, — 

By displacing the N in the above general formula and in the 
equation by P, As, and 8b, the constitution and formation of 
these three series of compounds will be expressed. 

5. Oxyarsenic Bases, — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines: — 

A«(aH2„+,)3 + = A«(C«H2n+i),0. 

Tertiary monarsine. Oiyaraenio base. 
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6. OxyanUmonieBases. — ^These are formed in a maimer exactly 
analogous to that in which the oxjarsenic bases are produced. 



NEUTRAL COMFOUimS. 
1. Salts of Amines, 
G^eral formulaB : — 

N(aH^+i)(C«H^+08Cl. 
N,(C.H^)"(C«H2«y',H,CV 
N,(C.H^-iy"(CmH^-i)'"ACl8. 
In the first formula m may =0 ; in the second, Qm^%m niaj be 
displaced by BL, ; and in the third, CmHam-i may be substituted 
byH,. 

Formation, — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus : — 

NEtH, + HCl = NEtHaCl. 

Bthylamine. Hydrochloric Ethvlammonic 

acid. dbloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 365). 

Character, — The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulae, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, 
besides being linked by the polyad radicals, thixs : — 

The difference between these two classes of salts will be ren- 
dered more evident by a comparison of the following graphic 
and symbolic formulae : — 
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Normal Salts. 

0\ /© „ ©\ /© fNH^Cl 

(n) ^ (5) or N,H,Et"Cl„ or \ Et" . 

Bthylene-diammonio diohloride. 

(2k/® ., 0x /0 „ ®\ /© 
@ 

Diethylene-trianuuonic trichloride. 

rNH3Cl 



i Et" 

N,H,Et",Cl, or i NH,C1. 
I Et" 

Inh,ci 



Monaeid Salts. 
®s. /® „ ®k /© 



I @ 0) or W^^H^EfCl or | SS'^ci^" 



0/^ ^Nh) 

Ethylene-diammonic monochloride. 

®\ /® „ ^ — Zl—y/^ 

0— (g)— 0— ®-0 
0/X /N0 0/<0 

Diethylener triammonio monochloride • 

or «''(N3)«'H,Et''Cl or ^NH'^*!,,. 

Diacid Salt. 

(Sk/© „ / — -z — W® 

© © 

0/X0 0/N0 ©/^ 

Diethylene-triammoiiic dichloride. 

or "(N3)^HH,Et",Cl, or {J^.^^Et"- 
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2. Salts of Fho^hinei. 
8. Salts ofArsines. 
4. SdUs ofSHbines,— 

These tkree series of salts all present close analogies with the 
salts of the amines both in constitution and in the mode of their 
formation. 

5. Salts of Oxyarsenic Bases. 
A«(C^^i)3Cl,. 
JEbrnktHon. — By the action of acids on the oxyarsenic bases: — 
A«Me30 + 2HC1 = AaMe,Cl, + OH,. 

Anenio Hydrodilorio Anenio trimetiio- Water, 

trimethozide. add. diohloride. 

6. Salts of Oxyantimonic Bases, 

These resemble the previous salts in formation and consti- 
tution. 



NEGATIVE or CHLOBOUS COMPOUNDS. 

1. Organie Arsenic Acids^ Oxychlorides, and Chlorides. 

The following are the principal bodies of this class : — 

Monomethylarsenic acid AsMeOHo,. 

Arsenic oxydichlormethide AsMeOCl,. 

Arsenic tetrachlormethide AjiMeCl^. 

Cacodylic acid AsMe^OKo. 

Cacodjlic trichloride AsMe^Cls. 

2. Organic Antimonie Adds. 

No exploration of this series has yet been made. The 
members of it will doubtless be found to present close analogies 
with the corresponding series of arsenic compounds. 
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CHAPTER LIII. 

OBaANOMETALLIO BOBIES. 

This term is applied to a family of compounds in wliich an 
organic radical is united directly with a metal ; and it serves to 
distinguish them &om other organic compounds containing 
metals, in which the metal and organic radical are indirectly 
united or linked to each other. 

Thus zincic ethide is an organometallic body, while zincic 
ethylate and zincic succinate are organic bodies containing 
metals :— 



Zincic ethide . . . ZnEt,. 
Zincic ethylate. . . ZnEto,. 

© 





Zincic succinate 



Many organic compounds containing metals are the deriva- 
tiyes of organometallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate — 



ZnEt, + 0, = 



Zindo 
etiiide. 



ZnEto,; 

Zindo 
ethylftte. 
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and by fiirther oxidation zincic ethylate can be converted into 
zincic acetate — 

gg5zno"+20.=gS>o"+20H.. 

Zineio ethylato. Zindo acetate. Water. 

Another instance of the deriyation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potassic ethide 
upon carbonic anhydride : — 

OMeH,K + CO, = {g^g.. 

Potassio Carbonic Fotaenc 

ethide. anhydride. propionate. 

Fortnatian of orgtmometallic bodies s 

Organometallic bodies are produced in a large number of 
reactions, which may, however, be classed under the following 
four heads : — 

I. By the union of monad positive radicals in statu nascenti 
with a metal, or by the coalescence of a metal with the iodide of 
a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100^ in closed vessels, zincic ethide is formed : — 

2EtI + Za, = ZnEt, + Znl,. 

Ethylic Zincic Zincic 

iodide. ethide. iodide. 

Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the formation of organo-mercury compounds by this method, 
light is indispensable to the reaction : — 

EtI + Hg = HgEtl. 

Bthjlic Meroorio 

iodide. ethiodide. 

n. By the action of the respective metals alloyed with potas- 
sium or sodium upon the iodides of the monad positive radicals. 
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By this process there is less tendency to form compounds 
containing both positive radicals and negative elements. Fotas* 
sium or sodium compounds are never produced in this reaction, 
because thej cannot exist in the presence of eth yHc iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds: — 

4EtI + SnNsi^ = SnEt^ + 4NaI. 



Eth^Iio 
iodide. 



Tin sodium 
alloy. 



ethide. 



Sodio 
iodide. 



2EtI + HsNft, = HgEt, + 2NaI. 



Efch^lio Sodium 

iodide. wmalgam. 



Merourio 
ethide. 



Sodio 
iodide. 



III. By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometaUic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal : — 



SnCl^ + ZnEt^ » 

Stannio Zinoic 

chloride. ethide. 

SnCl^ + 2ZnEt3 

Stamiic Zinoic 

chloride. ethide. 

2HgEtI + ZnEt, 

Meronrio Zinoic 

ethiodide. ethide. 



SnEt^Cl, + ZnCl,. 

Stannic dichlor- Zincio 

ethide. chloride. 

= SnEt^ + 2ZnCl,. 



stannic 
ethide. 



Zindo 
chloride. 



= 2H6Et, + Znl,. 

Meroxmc * Zincio 

ethide. iodide. 



lY. By the displacement of a metal in an organometaUic 
compoiuid by another and more positive metal. 

This method has been successfully employed for the forma- 
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tion of the organo-compounds of potassium, sodium, lithium, 
alumiiiium, and zinc. In the first three cases the reaction takes 
phtee at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body: — 

dZnEt, + Na. « 2ZnNaEt, + Zn. 

Zinoio Sodioi 



ethide. 

SHgEt, + Al, = 'Al'",Ete + 3Hg. 

Meronrio Almnimo 

^hide. ethide. 

HgAy, + Zn - ZnAy, + Hg. 

Mereorio Zindo 

amjUde. amjlide. 



Beactiom of organometallic bodies. 

1. The most interesting reaction of the organo- compounds 
qfihe monad metals IB, their transformation into salts of normal 
fifttty acids by the action of carbonic anhydride (see p. 301). 

2. The organo' compounds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 

C.H.Na + C,HJ = Nal + C,H«H + C,H,. 

Sodic Ethjiio Sodio Ethjlic Bthjlene. 

ethide. iodide. iodide. hjdride. 

8. The organo- compounds of zinc are decomposed by water, 
with formation of the hydrides of the radicals : — 



ZnEt, + 20Ha = ZnHo, + 2EtH. 

Zindo Water. Zindo Ethjrlio 

ethide. hjdrate. hjdnde. 

4. By the slow action of dry oxygen, they pass through two 
stages of oxidation : — 

ZnEt, + O » ZnEtEto; 

Zindo Zindc ethide 

ethide. ethylate. 

ZnEtEto + O » ZnEto,. 

Zindc ethide Zindo 

ethylate. ethylate. 
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5. Monad negative elements, such as iodine, remove succes- 
sively the two atoms of ethyl : — 

ZnEt^ + I^ = ZnEtl + EtI: 



Zindo 
ethide. 



Zincic 
ethiodide. 



EthjUc 
iodide. 



ZnEtl + I^ = Znl^ + EtI. 



Zinoio 
ethiodide. 



Zincio 
iodide. 



Ethjlic 
iodide. 



6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl op its homo- 
logues : — 



2Pca, 

Phosphorous 
trichloride. 


+ 


SZnEt^ 

Zincio 
ethide. 


= 2PEt3 + 

Triethyl- 
phosphine. 


azncv 

Zincio 
chloride. 


SiCl, 


+ 


2ZnEt3 


= SiEt, + 


2ZnCl . 


Silicio 
chloride. 




Zincio 
ethide. 


SiHdo 
ethide. 


Zindo 
chloride. 


Chforether. 


-f 


ZnEt, 

Zindo 
ethide. 


rcAEt 

= 2^0 

lithjto- 
ohlorether. 


+ ZnCl,: 

Zindc 
chloride. 


fC,H,Et 

.C,H,C1 

Ethylo- 
ohlorether. 


+ 


ZnEt^ 

Zinoio 
ethide. 


rc,H,Et 

= 2-^0 

C,H.Et 

DiethjUted 
ethylio ether 


+ ZnCl,. 

Zindo 
chloride. 



Diethylated ethylic ether is isomeric with butyHc ether, and 
contains the radical methylo-ethylated methyl (see p. 205). By 
oxidation it would doubtless give methylated acetone (p. 360). 

7. Oxygen may also be displaced in a similar manner. 
Thus:— 

N.OEt-O— I NEtO. 

Zindo Zindo dinitro-ethylate. 



«' N:Eto2°»"- 



Nitric 
oxide. 



ethide. 



This compound is analogous to zincic propionate, the latter 

containing two atoms of tetrad carbon in the place of the two 

tetrad pairs of nitrogen atoms : — 

COEt-O— » cEtO 

Zincic propionate ... _ Zn" or /^ij^^Zno". 

COEt-O-J CEtU 
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8. An analogous reaction is observed with snlpliuroas anhy- 
dride: — 

.so. + ^e. - ^^- o, |K,„, 

Salphuroiis Zinde Ziiujio meibjldiChionate. 

anhjdride. methide. 

9. When ethylic borate is acted upon by zincic methide, the 
ethoxyl becomes replaced by methyl : — 



BEto, 

EthyUo 


+ 


dZnMe, 

Zindo 


= 


BMe, 

Bono 


+ 


3ZnMeEto 

Zindc methide 


borate. 




methide. 




methide. 




ethylate.: 



10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, diethoialic ether is formed : — 

{ ColS+ 2»^. + 20H, = { gg5£° + ZnHo. + EtHo. 

Ethylic Zindc Water. Diethozalie Zindo AloohoL 

oxalate. ethide. ether. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen ; — 

ZnEt, + 2NH3 == ZnAd, + 2EtH. 

Zindc Ammonia. Zindc amide. Ethylic 

ethide. hydride. 

12. The organo-zinc compounds, by losing one of their 
organic radicals, become monad radicals, as shown by the fol- 
lowing formulffi : — 

Methylozincic dinitrome- 1 'n" oMe-O-(ZnMe), 
thylate J 

Ethylozincic dinitroethy- f ,jg,, OEt-0.(ZnEt). 

late I * 

Ethylic ethylo-zincic di- f CEt,-0-(ZnEt) 

ethoxalate \COEto 

13. Mercuric ethide^ when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element — 



HgEt, 


+ 


Br 


= HgEtBr + EtBr. 


Mercuric 






Mercoric EthyKo 


ethide. 






ethobromide. bromide. 
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14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HgMe, + Hgl, « 2H6MeL 

Heroario Mercforio Meronrio 

methide. iodide. methiodide. 

The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the formula 

HgEtHo and HgMeHo. 

Meronrio Hercorio 

^hohydrate. methohydrate. 

15. The or^anO'Statmous compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt^ + I, = SnEt,!,. 

Stannous Stannic 

ethide. iododiethide. 

16. Sypoatarmic organo-compounds undergo a similar trans- 
formation : — 

'Sn'",Ete + I. = 2SnEt3l: 

Hypostannic Stannic 

ethide. iodotriethide. 

SnEtjI + Ij = SnEtjI^ + EtI. 

Stannic Stannic Eth^Iio 

iodotriethide. iododiethide. iodide. 

17. Hypostcmmc ethodmiodide is formed by the action of 
iodine upon stannic ethodimethide : — 

2SnEt,Me, + I, = 'Sn'",Et,I, + 4MeI. 

stannic Hypostannic Methylio 

ethodimethide* ethodiniodide. iodide. 

18. Stannic ethide^ when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride ; — 

SnEt^ + HCl = SnEtjCl + EtH. 

Stannic Hydrochloric Stannic Ethjrlic 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulae are : — 

rSnEt, 
Oxide ...^O ; Hydrate... SnEt.Ho. 
[SnEt, 

s2 
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These compounds, and the salts which they foitn, correspond 
in composition, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methyl: — 

AloohoL Hal<Hd ether. Ether. 

Methylic CH,Ho. CH,C1. -^ O . 



[c: 
rsi 

LCI. ^0 
[S: 



SnEt, 



Stanntriethylic ... SnEt,Ho. SnEt^ 

[SnEt, 

19. Stannic chlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt^Cl, + Zn = SnEt, + ZnCl^. 

Staimio Btannooa Zindo 

chlorodiethide. ethide. chloride. 

20. Ferplumhic ethide resembles stannic ethide in its re- 
actions ; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride : — 

PbEt^ + HCl = PbEt3Cl + EtH. 

Perpliiinl]ie Hjdrodhlo- Perplumbic Ethjrlic 

^hide. rioadid. chlorotriethide. hydride. 

21. Ferplumbic triethohydrate (PbEtgHo) is a powerful base, 
forming salts with acids. 

22. The organO'tellwrium compounds form oxides and salts. 
The following are the formulae of tellurium ethide and some of 
its compounds : — 

Tellurium ethide TeEt^. 

Tellurous diethoxide TeEtfi. 

Tellurous diethiodide TeEt^I,. 

Tellurous diethosulphate TeEt,(S^O J". 

Constitution of Organometallic Bodies. 
The organometallic compounds are constituted on the types of 
the metals they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 
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The organic derivatives of the monad metals are formed on 
the type of potassic chloride (KCl) : — 



(IHs) 



Potassio ohloride. 




Potaaaio ethide. 



The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (ZnClJ: — 



©-©-© 



Zinoio chloride. 




Ilercnrio iodethide. 



The organo-alamiiiic compouuda ore formed upon the type 
of aluminic chloride ('A1"',C1,) :— 



© © 

©-©-© ©h©-© 




©-©-© ©-©-© 
© © 

AliTfnInifl chlOTide. Aluminio methide. 

The organo-tin compounds are formed upon the three types 
"Su"Cl^ 'Sn"'jO\^, and SnCl^,— the first resembling the zincic 
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chloride type, and the second the aluminic chloride type (see 
p. 389) :— 





Stennio trieUioliTdnke. DiaUimic hexethoxicle. 

The inorganic types of the organo-tellurium series are TeCl, 
and TeO, : — 

TellnroiiB oxide. 
Tellmiiim ethide. Tellnrom diethozide. Tdlnroos dieduodidew 

The organo-arsenic, antimony, and bismuth compounds are 
derived from the types ' A»",S"„ AaCl,, AaOHo,, SbCl,, SbCl,, 
BiCl,, and BiO^Ho (see pp. 370, 377, and 380):— 



(3>-0-<5) 

Tellmiom chloride. 

0-0-0 





Monomethylanemo Mid. 




Caoodjlio add. 



Arsenio grytrimethide. 
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The effect of the substitution of positive for negative radicals 
in compounds is well exhibited in the case of arsenic acid, 
AsOHOg, as illustrated in the above graphic representations. 
By the substitution of one atom of methyl for hydroxyl, a 
well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethyl arsenic acid, AsOMeHo^. By the 
replacement of a second atom of hydroxyl by methyl, a very 
feeble acid, cacodylic acid, AaOMejHo, is obtained. By the 
replacement of the third atom of hydroxyl by methyl, the 
acid properties are completely destroyed, a feeble base, the 
arsenic oxytrimethide, being formed, AsOMej. Finally, by the 
substitution of methyl and hydroxyl for the remaining atom of 
oxygen there is produced a powerful base, tetramethylarsenic 
hydrate, AsMe^Ho. 

The following is a list of the principal organometaUic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Potassio-zincic methide KMe,ZnMej,. 

Potassio-zincic ethide KEt^ZuEt^. 

Sodio-zincic ethide NaEt,ZnEta, 

Lithio-zincic ethide LiEtjZnEt^. 

Lithio-mercuric ethide LiEt,HgEt2. 

II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt^. 

Zincic methide ZnMCa. 

Zincic ethide ZnEt,. 

Zincic amylide ZnAy^. 

Mercuric methide HgMCa. 

Mercuric ethide , HgEt,, 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt(irO,). 

Stannous ethide "Sn"Eta. 

Tellurium methide TeMe,. 
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m. Organo- compounds contaimng triad metals : — 

These compounds belong to the 11th isaajlj of organic 
bodies, and have been treated of at p. 370. 

IV. Organo- compounds of tetrad metals : — 

Stannic methide SnMe^. 

Stannic iodotrimethide SnMegl. 

Stannic iododimethide SnMe^I,. 

Hypostannic ethide 'Sn"'j;Bt,. 

Stannic ethylodimethide SnEt^Mej. - 

Hypostannic ethodiiodide 'Sn'^^EtX- 

Perplumbic ethide PbEt^. 

Perplumbic chlorotriethide PbEt,Cl. 

y . Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at p. 377 and 380. 
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Absolute atomicity, 21. 

Aoetamide, 372. 

Aoetio series of acids, 297. 

„ series of acids, relations of, to 

acrylic series, 314. 
„ series of acids, relations of, to 
lactic series, 324. 
Acetic series, relations of succinic 

series to, 341. 
Acetone, 360. 

„ diethylated, 360. 
dimethylated, 360. 
ethylated, 360. 
methylated, 360. 
Acetyl, 221. 
Acetylene, 217. 

„ series of radicals, 217. 
Acetylic nitride, 376. 
Acetylide of copper, 218, 219. 
Add, acetic, 306. 
„ aceto-lactic, 317, 319. 
„ acetonic, 331. 
„ aconitic, 353. 
„ acrylic, 270, 315. 
„ adipic, 339. 
„ amidodinitrophenylic, 262. 
„ anchoic, 339. 
„ angelic, 312. 
„ aposorbic, 271. 
„ arachidic, 299. 
„ arsenic, 123. 
„ arsenious, 122. 
„ behenic, 299. 
„ benzoic, 337. 
„ boracic, 55. 
„ boric monobasic, 54. 
„ boric tribasic, 54. 
„ boric, 65. 
„ brassic, 313. 
„ ^ bromic, 89. 
„ * bromphenylic, 261. 
„ butync, 308. 
„ capric, 299. 
„ caproic, 298. 



Acid, oaprylic, 298. 

„ carbolic, 259. 

„ carbomethylic, 326. 

„ carbonic, 58, 326. 

„ cerotic, 299. 

„ chlorhydric, 39. 

„ chloric, 49. 

„ chlorochromic, 188. 

„ chloropropionic, 329. 

„ chlorous, 48. 

„ cimicic, 313. 

„ cinnamic, 336. 

„ citraoonic, 345. 

„ citric, 270, 353. 

„ collinic, 336. 

„ convolvulinoleic, 333. 

„ crotonic, 312. 

„ j3 crotonic, 313. 

„ cuminic, 336. 

„ cyanic, 228. 

„ cyanuric, 228. 

„ (mmaluric, 313. 

„ damolic, 313. 

„ desoxalic, 271, 353. 

„ dextrotartaric, 351. 

„ diamylacetic, 311. 

„ dibromosuccinic, 347. 

„ dichlorphenylic, 261. 

„ diethacetic, 311. 

„ diethoxalic, 320. 

„ dimethacetic, 311. 

„ dimethoxalic, 320. 

„ dinitrophenylic, 261. 

„ disulphoditnionio, 75, 83. 

„ disulphuretted hyposulphuric, 

83. 

„ dithionic, 74, 82. 

„ doeelic, 313. 

„ elaidic, 313. 

„ erucic, 313. 

„ ethaoetic, 308. 

„ ethomethoxalic, 320. 

„ ethylcrotonic, 313. 

„ ethylglycollic, 332. 
s 5 



394 



INDEX. 



Add, ethyl-lactio, 319. 

„ formic, 243, 3(H. 

„ fiilminuric, 228. 

„ fumaric, 345. 

„ gaidic, 313. 

„ glyceric, 269, 335. 

„ glycoUic. 264, 278, 318. 

„ glycomalic, 351. 

„ glyoxaUc, 333. 

„ riyoiyUc, 335. 

„ nippuric, 337. 

„ homolactic, 327. 

„ homotartaric, 351. 

„ hydriodic, 91. 

„ hydrobromic, 87. 

„ hydrochloric, 39. 

„ hydrocyanic, 223, 243. 

„ hydroferrocyanic, 226. 

„ hydrofluoric, 97. 

„ hydrofluoboric, 54. 

„ hydroselenic, 84. 

„ hydrosolphuric, 70. 

„ hypobromous, 89. 

„ hypochlorous, 47. 

„ hypogseic, 313. 

„ hypophosphorous, 114. 

„ hyposulphuric, 82. 

„ hyposulphurous, 74, 81. 

„ iodic, 93, 94. 

„ isobutyric, 311. 

„ isochloropropionio, 331. 

„ isodibromosuccinic, 347. 

„ iaomaleic, 345. 

„ itaoonic, 345. 

„ ialapinoleic, 333. 

„ lactamic, 329. 

„ lactic, 325, 327, 329. 

„ Isevotartaric, 351. 

„ lauric, 299. 

„ leucic, 319. 

„ maleic, 345. 

„ malic, 350. 

„ malonic, 339. 

„ margaric, 299. 

„ melissic, 299. 

„ mesaconio, 345. 

„ metabismuthic, 140, 143. 

„ metabismuthous, 140, 142. 

„ metaboric, 64. 

„ metantimonic, 131, 134. 

„ metantimonic, of PWmy, 135. 

„ metantimoniouB, 131, 132, 

„ metaphosphoric, 115, 117. 



Add, metanenic, 123. 

„ metastannic, 105. 

„ metatartaric, 351. 

„ methaoetic, 308. 

„ methacrylic, 313. 

„ methethiacetic, 310. 

„ methylcrotonic, 313. 

„ methylglycollic, 319. 

„ methyl-lactic, 317. 

„ moringic, 313. 

„ mudc, 271. 

„ muriatic, 39. 

„ myristic, 299. 

„ nitric, 61. 

„ nitric, manufacture of, 62. 

„ nitrophenylic, 261. 

„ nitrous, 61, 63. 

„ oenanthylic, 298. 

„ oleic, 316. 

„ orthantimonic, 130, 131. 

„ orthobismuthous, 142. 

„ orthoboric, 54. 

„ orthojdiosphoric, 118. 

„ oxalic, 229. 

„ oxamic, 231. 

„ oxybut^c, 318. 

,) palmitic, 2i99. 

„ paralactic, 321. 

„ paraleucic, 321. 

„ parantimonic, 135. 

„ pelargonic, 298. 

„ pentathionic, 75, 83. 

„ perchloric, 50. 

„ perchlorphenylio, 261. 

„ perchromic, 187. 

„ periodic, 93, 96. 

„ phenoic, 336. 

„ phenylic, 260. 

„ phosphoric, 115, 118. 

„ phosphoric dodecabasic, 115. 

„ phosphoric hexabasio, 115. 

„ phosphorous, 114, 116. 

„ physetoleic, 313. 

„ picramic, 262. 

„ picric, 262. 

„ pimelic, 339. 

„ propionic, 308. 

„ propylacetic, 309. 

„ p propjlacetic, 309. 

„ pyrantimonic, 131, 135. 

„ pyrarsenic, 123. 

„ pyrophosphoric, 1 16, 1 18. 

„ pyrotartario, 339, 349. 
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Add, pyroterebio, 313. 

„ pyruvic, 333. 

„ raoemio, 351. 

„ ricinoleic, 333. 

„ roocellic, 339. 

„ saccharic, 271. 

„ gaUcylic. 336, 

„ sebacic, 339. 

„ selenic, 85. 

„ selenious, 85. 

„ silicic, 101. 

„ stannic, 104^ 

„ stearic, 299. 

„ suberic, 339. 

„ succinethylic, 362. 

„ succinic, 342. 

„ sulphamjlic, 275. 

„ sulpbarsenic, 124. 

„ sulpharsenious, 124. 

„ sulphhydric, 71. 

„ sulphocarbonic, 73. 

„ sulphochromic, 187. 

„ sulphodithionic, 74, 82. 

„ sulphomethylic, 274. 

„ sulphosulphuric, 74, 81. 

„ sulphoyinic, 275. 

„ sulphuric, 74, 78. 

„ sulphuric, manufacture of, 79. 

„ sulphuric (Nordhausen), 74, 
77. 

„ sulphurous, 74. 

„ tartaric, 270, 351. 

„ tartaric (inactive), 351. 

„ tartronic, 269, 350. 

„ tetrathionic, 75, 83. 

f, titanic, 106. 

„ toluyUc, 336. 

„ tricarballyUc, 353. 

„ trichlorphenylic, 261. 

„ trimethaoetic, 310, 312. 

„ trinitrophenylic, 262. 

,, trisulphodithionic, 75, 83. 

„ trisulphuretted hyposulphuric, 
83. 

„ trithionic, 74, 82. 

„ valerianic, 309. 

„ valeric, 309. 

„ valerolactic, 319. 

Acid salts, definition of, 13. 
Adds, acetic or fatty series of, 297. 

„ aoetoid series of, 339. 

„ acrylic series of, 312. 

„ anhydrous definition of, 8, 10. 



benzoic or aromatic series of, 
335. 

classification of, 296. 

definition of, 8. 

derivation of, from alcohols, 
297. 

dibasic, 337. 

dibasic, definition of, 9. 

dibasic, formation of, 388. 

dibasic, reactions of, 338. 

dibasic, succinic or acetoid 
series of, 339. 

dibasic, fiunario or acryloid 
series of, 345. 

dibasic, tartaric or glyoxyloid 
series of, 351. 

formation from anhydrides, 
43. 

fumaric or acryloid series of, 
345. 

fflyoxylic series of, 335. 

motic series of, 316. 

lactic series of, classification 
of, 317. 

lactic series of, definition of, 
316. 

lactic series of, relations to 
acetic series, 324. 

lactic series of^ relations to 
acrylic series, 324. 

lawofbasidtyof, 296. 

malic or lactoid series of, 349. 

monobasic, 296. 

monobasic, definition of, 9. 

nomenclature of, 9. 

normal fatty, ascent of the 
series, 303. 

normal fatfrr, relations of, to 
CnH2H-iHo alcohols, 303. 

normal fatty, relations of, to 
CnH2»+i radicals, 302. 

normal fatty, relations of, to 
each other, 303. 

normal, of acetic series, 298. 

normal, of acrylic series, 312. 

normal, of acrylic series, for- 
mation of, 313. 

normal, of fetty series, for- 
mation of, 300. 

normal, of fittv series, occur- 
rence of, 300. 

normal, of lactic series, for- 
mation of, 323. 
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Adds, of aorylio aerieB, relatimiB o^ 
to aoetio flaries, 314. 
„ of antimony, 130. 
„ of chlorine, 45. 

of laotio serieB, iaomeritm of, 
325. 
„ of nitrogen, 61. 
„ olefine, of acrylic aeries, 313. 
„ olefine, of aorylio aeries, for- 
mation of, 314. 
olefine, of lactic series, for- 
mation of^ 324. 
„ oleic aeries of^ 312. 
„ orsanio, 296. 
„ polybasio, definition of, 9. 
„ pyruyic series of, 333. 
„ secondary fiU^y, 310. 
„ aeoondary, of acrylic aeries, 

313. 
„ aeoondary, of acrylic aeries, 

formc&on of, 314. 
„ secondary, of lactic aeries, 319. 
„ secondary, of lactic aeries, for- 
mation of^ 323. 
„ succinic series of^ 339. 
„ tertiary fatty, 311. 
„ tribasic, 352. 
Acrolein, 270, 294. 
Acryl,221. 

AcryUc aeries of adds, 312. 
Acrylic series of acids, relationa of^ to 

lactic aeries, 324. 
Acryloid or fumaric series of acids, 
345. 
„ series of adds, isomerism 
in, 345. 
Action, chemical, modes oft 1. 
Active atomidty, 21. 
Affinity, chemioal, 4. 
AgaJmatolite, 177. 
Alabaster, 160. 
Aknin, 293, 329. 
Albite, 178. 

Alcohol, aUylio, 244, 257. 
amylic, 246, 252. 
benzoic, 244, 258, 260. 
butylic, 252. 
caproylic, 246. 
caprylic, 246. 
cerotio, 246. 
oetylio, 246. 
cresylic, 259, 262. 
cumylic, 259. 



Alcohol, ethylenio, 264. 
ethylic, 250. 



heptyUc, 246. 
hexylic, 246. 



„ isopropyiic, 253. 

„ meiissic, 246. 

„ methylic, 246, 249. 

„ octylic, 246. 

„ oenanthylic, 246. 

„ pentacid, 271. 

„ pentylic, 246. 

„ phenylic, normal, 258. 

„ phenylic, secondary, 260. 

propyHc, 244, 246, 252. 
„ pseuoamylic, 253. 
„ pseudohexylio, 253. 
„ stanntriethylic, 388. 
„ sulphur, 251. 
„ sycooervlic, 259. 
„ tetracid, 270. 

tetrylic, 246, 252. 
vinyUc, 256, 277. 
Alcoholates, 251. 
Alcohols, 243. 

diacid, 245, 262. 
„ ethylic series of, 245. 

monacid, 245, 255, 258. 
„ monacid, of yinylic series, 

255. 
„ normal monacid, of phe- 
nylic series, 258. 
„ normal, of ethylic series, 

245,246. 
„ polyacid, 270. 
„ relations of, 246. 
„ relations of, to fatty acids, 

303. 
„ secondary monadd, 252. 
„ secondaiy, of ethylic series, 

245. 
„ secondary, of phenylic se- 
ries, 259, 260. 
„ tertiary monacid, 254. 
„ tertiary, of ethylic series, 
245. 
triadd, 245, 267. 
Aldehyde, aoetio, 277, 293. 
„ acrylic, 294. 
„ benzoic, 295. 
„ butyric, 292. 
„ caprio, 292. 
„ cuminic, 295. 
„ euodic, 292. 
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Aldehyde, laurio, 292. 
„ oenanthylic, 292. 
,, palmitic, 292. 
„ propionic, 292. 
„ salicylic, 336. 
„ valeric, 292. 
Aldehydes, 290. 

„ definition of, 290. 
„ derived firom the 

CnH2»+iHo alcohols, 
292. 
„ from the CnHsM-iHo al- 
cohols, 294. 
„ from the C«H2»_7Ho al- 
cohols, 295. 
„ preparation of, 290. 
„ reactions of, 291. 
Alkalamides, 363, 375. 

„ constitution of, 375. 

Alkaloids, artificial, 364. 

„ from cinchona, 370. 
„ from nui vomica, 370. 
„ from opium, 370. 
„ from tohacco, 370. 
„ the natural, 370. 
Allophane, 176. 
Allotropic oxygen, 41. 

„ phosphorus, 108. 
„ varieties of sulphur, 70. 
Allyl, 210. 
Allylamine, 366. 
Allylio iodide, 268. 
Alum, common, 177. 
Aluminite, 176. 
Altuninitun, 175. 
A^almatolite, 177. 
Albite, 178. 
Allophane, 176. • 
Alum, 177. 

Aluminate, dipotassic, 176. 
Aluminate, magnesic, 176. 
Alummic calcic disilicate, 103. 
„ calcic trisilicate, 103. 
„ chloride, 175. 
„ hydrate, 175. 
„ manganous disilicate, 

191. 
„ manganous tetrasul- 

phate, 190. 
„ methide, 389. 
„ oxide, 175. 
„ oxyhydrate, 176. 
sulphate, 176. 



AlTitn^Ti^itin (^corUimied). 

Aluminio sulphate tetrahydrate, 
176. 
„ sulphide, 176. 
„ tricalcic trisilicate, 
103. 
Aluminite, 176. 

AliiTw, manganese aluminium, 
190. 
„ potassium chrome, 187. 
„ potassium manganese, 
190. 
Alum-stone, 177. 
Alunite, 177. 
Analcime, 178. 
Andalusite, 177. 
Anorthite, 103. 
Atomicity of aluminiiun, 175. 
Buchholzite, 177. 
Chiastolite, 177. 
Cimolite, 177. 
CoUyrite, 177. 

Compounds of aluminium, 175. 
Cyanite, 177. 
Biaspore, 176. 
Dihydric alimiinic tetraailicate, 

103. 
Dipotassic aluminate, 176. 

„ aluminichexasilicate, 

103. 
„ aluminic tetrasul- 
phate, 177. 
Emerald, 103. 
Felspar, 103. 
Fibrolite, 177. 
Gibbsite, 175. 
Grossularia, 103. 
Kaolin of Ellenbogen, 177. 
Labradorite, 103. 
Lepidolite, 178. 
Magnesic aluminate, 176. 
M^thacite, 178. 
Miloschine,. 177. 
Orthose, 103. 
Foroelain clay, 177. 

„ clay of Passau, 177. 
Prehnite, 176. 
Pyrophyllite, 103. 
Bazoimiofl&kin, 178. 
Saponite, 178. 
Sillimanite, 177. 
Spinelle, 176. 
Spodumene, 176. 
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AlnmininTn {eontinued). 

GMgluoinio aluminio hflmmli- 
cate,108. 

Wemerite, 177. 

Worthite, 177. 

Xenolite, 177. 

Zoisite, 176. 
Alunii manganese alummium, 190. 
„ potassium crome, 187. 

„ potassium mimgaiHwe, 190. 
Alum-stone, 177. 
Alunite, 177. 
Amides, 363, 372. 

„ definition of, 372. 
Amidogen, 28. 
Amines, 363, 364. 

„ clarification o^ 364. 

„ diadd salts of, 379. 

„ monacid salts of, 379. 

„ normal salts of^ 378. 

„ salts of, 378. 
Ammonia^ 60, 67. 

„ type, 202. 
Ammoniochioride, 60, 67. 

„ chloride typo, 202. 

„ salts, 67, 68. 
Ammoniocuprio carbonate, 173. 
,, sulphate, 172. 

Ammonium, 68. 

„ amalgam, 68. 
Ammonozyl, 28. 
Amorphous boron, 51. 

„ phosphorus, 106. 
Amoxyl, 203. 
Amyl, 209. 
Amylamine, 365. 
Amylene, 213. 
Amylenio chloride, 288. 

„ bromide, 288. 
Amyl riycerin, 267. 
Amylide, antimonioos, 128. 

„ zincic, 391. 
Analoime, 178. 
Anatase, 106. 
Andalusite, 177. 
Anhydride, acetic, 356. 

,, aoetobensoic, 356. 
„ antimonio, 131, 133. 
„ antimonious, 130, 131. 
arsenic, 122, 123. 

„ arsenious, 122. 

„ auric, 174. 

„ benzoic, 356. 



Anhydride, bismuthic, 139, 140, 142. 

„ boric, 54. 

„ butyric, 356. 

„ carbonic, 57. 

„ oaproic, 356. 

„ caprylic^ 356. 

„ chlorous, 46. 

„ chromic, 186. 

„ hypobromous, S9. 

„ hypochlorous, 46. 

„ iodic, 93. 

„ lactic, 357. 

„ nitric, 61, 63. 

„ nitrous, 61, 63. 

„ oenanthylic, 356. 

„ palmitic, 356. 

„ pelargonic, 356. 

„ periodic, 93, 95. ■ 

„ phosphoric, 114, 117. 

„ phosphorous, 114, 116. 

„ propionic, 356. 

„ selenious, 85. 

„ siUcic, 101, 102. 

„ stannic, 104. 

„ succinic, 357. 

„ sulphantimonic, 138. 

„ sulphantimoni(His, 136. 

„ sulpharsenic, 124, 125. 

„ sulpharsenious, 124. 

„ sulphochromic, 188. 

„ sulphuric, 74, 77. 

„ sulphurous, 74, 75. 

„ titanic, 106. 

„ yalerianic, 356. 
Anhydrides, 354. 

„ conversion into acids, 43. 

„ definition of, 8, 10, 354. 

„ of the dihydric dibasic 
acids, 357. 

„ o( the dihydric mono- 
basic acids, 357. 

„ ofthemonohydricmono- 
basic acids, 355. 
Anhydrous acid, definition of, 8, 10, 

354. 
Aniline, 241, 365. 
Anorthite, 103. 
Antimonic acids, organic, 380. 

chloride, 125, 128, 129. 
ojytrichloride, 130. 
sulphide, 136, 138. 
sulphotrichloride, 130. 
tetretho-chloride, 125. 
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Antimonious amjlide, 128. 

„ anhydride, 130, 131. 

„ argentide, 127. 

„ bromide, 127, 130. 

^ chloride, 125, 128. 

ethide, 128. 
„ fluoride, 130. 

hydride, 126. 
,, iodide, 130. 

„ oxide, 130, 131. 

„ oxybromide, 130. 

„ oxychloride, 129. 

„ oxydisulphide, 136. 

„ oj^odide, 130. 

„ sulphide, 136. 

„ zincide, 128. 

Antimoniuretted hydrogen, 126. 
Antimony, 125. 

„ compound of, with oxy- 
gen and sulphur, 135. 
„ compounds of, with sul- 
phur, 136. 
„ copper glance, 137. 
„ ore, grey, 136. 

„ organic compounds of ,363 
„ oxides and acids of, 130. 
„ red, 135. 
Apatite, 119. 
Aquafortis, 61. 
Are, 33. 

Argentic compounds (see Silver). 
Ancine, 370. 

Aromatic series of adds, 335. 
Arsenic, 119. 

„ acids, organic, 380. 

„ compounds of, with oxygen 

and hydro^nrl, 122. 
„ compounds oi, with sulphur 

and hydrosulphyl, IM. 
„ organic compounds of, 363. 
„ oxydichlormethide, 380. 
„ o^trimethide, 390. 
„ sulphide, 124, 125. 
„ tetrachlormethide, 380. 
„ trimetho-dichloride, 380. 
„ trimethoxide, 380. 
Arsenious chloride, 120, 121. 
„ hydride, 120. 
„ or^bases, 371. 
„ sulphide, 124. 
Arseniuretted hydrogen, 120. 
Arsines, 363, 370. 

salts of, 380. 



Artiads, definition of, 20. 
Atomic combination, 30. 
„ weight, 2. 
„ weights, table of, 6. 
Atomicity, absolute, 21. 

„ active, 21. 

„ apparent variation of, 20. 

„ latent, 21. 

„ law of variation of, 21. 

„ marks, 18. 

„ of elements, 17. 
Atoms, 2. 

Auric compounds (see Gold). 
Aureus compounds (see Gfold). 
Azote, 60. 
Azurite, 173. 

Baric carbonate, 157. 

„ chloride, 155. 

„ hydrate, 155, 169. 

„ mtrate, 157. 

„ oxide, 155, 156. 

„ peroxide, 156, 158. 

„ sulphate, 157. 
Barium, 155. 

„ compound of, with hydroxyl, 

„ compounds of, with oxygen. 

Baryta, 156. 

„ caustic, 159. 
Bases, caustic antimony, 377. 
„ caustic arsenic, 377. 
„ caustic nitrogen, 377. 
„ caustic phosphorus, 377. 
„ definition of, 11. 
„ imido^en, 366. 
„ orgamc, 364. 
„ organic, periodides of, 31. 
„ oxyantimonic, 378. 
„ oxyarsenic, 377. 
„ systematicand irregular names 
of, 11. 
Basic salts, definition of, 13. 
Basylous compound radicals, hy- 
drides of, 232. 
„ elements, 4. 
„ radicals, dyad, 212. 
„ radicals, monad, 207. 
„ radicals, organic, 207. 
„ radicals, triad, 220. 
Benzamide, 372. 
Benzene, 238. 
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BeDsine,238. 

Benxoio series of adds, 335. 

Benxol, 237, 238. 

„ ohlorocompounds of, 241. 

„ substitution deriTatiTes <^, 
239. 
Bensophenone, 361. 
Benzoyl, hydride of, 2d5. 
Berthierite, 137. 
Bioarimret of hydrogen, 238. 
Binary compounds, 7. 
Bismuth, 139. 

,, compound of, with chlo- 
rine, 139. 

^ compounds of, with oxy- 
gen and hydroxyl, 140. 

,, compoundsof, with sulphur, 

„ glance^ 144. 
„ ochre, 141. 
„ telluric, 146. 
Biamuthic oxide, 142. 
Bismuthous bromide, 140. 
chloride, 139. 
dichlorethide, 139. 
diteUuro-sulphide, 145. 
ethide, 139. 
fluoride, 140. 
iodide, 140. 
nitrate, 141. 
nitrate dihydrate, 141. 
oxide, 139, 140, 141. 
„ oxybromide, 14D. 
„ oxychloride, 140. 
„ oxyhydrate, 140, 142. 
„ oimodide, 140. 
„ sulphide, 144. 
Bismuthylic carbonate, 141. 
Bleaohing-powder, 48, 161. 
Blende, manganese, 190. 
Blue copper, 171. 
„ malachite, 173. 
„ Prussian, 227. 
„ TumbuU's, 227. 
Bonds, definition of, 18. 

„ nature of, 26. 
Bone-ash, 107. 
Boracite,66. 
Borates, 66. 
Borax, 66. 
Boric bromide, 63. 
„ chloride, 63. 
„ ethide, 51. 



Boric fluoride, 63. 

„ methide, 386. 

„ nitride, 66. 

„ sulphide, 66. 
Boron, 51. 

„ amorphous, 61. 

„ diamond, 62. 

„ graphitoidal, 62. 
Boulangente, 137. 
Boumonite, 137. 
Bracket, use of, 16. 
Braunite, 189. 
Brochantite, 172. 
Bromacetylene, 220. 
Bromates, 90. 
Bromhydrin, 289. 
Bromine, 86. 

„ compounds of, with oxy- 
gen and hydroxyl, 88. 
„ hydrate, 87. 
Brookite, 106. 
Brown hematite, 192. 

„ iron olre, compact, 192. 
fibrous, 192. 
Brucme, 370. 
Brucite, 162. 
Buchholzite, 177. 
Butoxyl, 203. 
Butyl, 209. 
Butylene, 213. 
Butylenic bromide, 288. 
chloride, 288. 
Butylic iodide, 271. 
Butyrone, 360. 

Cacodyl, 371. 

CaoodyUc acid, 372, 380, 390. 
„ chloride, 371. 
„ oxide, 371. 

trichloride, 380. 
Cadmio chloride, 167. 
„ hydrate, 167. 
„ oxide, 167. 
„ sulphate, 167. 
Cadmium, 167. 
Csesium, 163. 
Calamine, 166, 166. 

„ electric, 165. 
Calc spar, 160. 
Calcic carbonate, 160. 
„ chloride, 160. 
„ ohlorohypochlorite, 161. 
„ dihydric, dicarbonate, 161. 
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Calcic fluoride, 160. 

hydrate, 160, 161. 

magnesic dicarbonate, 162. 

magnesic disilicate, 103. 

metaphosphate, 107. 

oxide, 160, 161. 

ozysulphide, 152. 

peroxide, 161. 

phosphate, 160. 

phosphide, 110. 
„ tetrahydric sulphate, 160. 
Calcium, 160. 
Capacity, measures of, 33. 
Capillary pyrites, 197. 
Caproyl, ^. 
Caprylene, 213. 
Carbon, 67. 

„ compounds ofi with oxygen, 

Carbonates, 58. 
Carbonic disulphide, 72. 

„ oxide, 58. 

„ oxydichloride, 59. 

„ te^achloride, 57. 
Carburetted hydrogen, light, 234. 
Caustic antimony bases, 377. 
arsenie bases, 377. 
baryta, 159. 
nitrogen bases, 377. 
phosphorus bases, 377. 
potash, 147. 
Celestine, 160. 
Cwotene, 214. 
Cervantite, 133. 
Cetene, 214. 
Chalcedony, 102. 
Chalk, 160. 
Chemical action, modes of, 1. . 

„ affinity, 4. 

„ equations, 15. 

„ notation, 14. 
Chemistry, definition of, 1. 

„ organic, 199. 
Chiastolite, 177. 
Chloracetamide, 372. 
Chloraniline, 376. 
Chlorates, preparation of, 49. 
Chlorhydrate, ethylenic, 281, 287. 
Chlorhydric acid, 39. 
Chlorhydrin, 282, 289. 
Chloride, methylic, 285. 

„ of selenium, 84. 
Chlorides, 39. 



Chlorine, 37. 

„ action of, on the radicals 
of the ethylene series, 
214. 
„ compounds of, with oxy- 
gen and hydroxyl, 45. 
„ oxides of, 45. 
Chloro-compounds of benzol, 241. 
Chloroform, 285. 
Chloronitric gas, 66. 
Chloronitrous gas 66. 
Chloropal, 103. 
Chloropemitric gas, 66. 
Chlorous elements, 4. 

„ elements, table of, 4. 
„ organic radicab, 207. 
Chrome iron ore, 186. 

„ potassium alum, 187. 
Chromitizn, 185. 

Chloroohromic acid, 188. 
Chrome iron ore, 186. 
Chromic anhydride, 186. 
„ chloride, 185. 
„ diohlorodioxide, 188. 
„ dioxide, 186. 
„ hydrate, 187. 
„ oxide, 185. 
„ perfluoride, 185, 
Chromium, atomicity of, 185. 

„ compounds of, 185. 

Chromous chloride, 185. 

„ dichromic tetroxide, 

186. 
„ dipotassicdisulphate, 

hydrate, 185. 

„ oxide, 185. 

„ sulphide, 188. 
Crocoisite, 187. 
Dichromic ferrous tetroxide,186. 

„ hexanitrate, 187. 

„ trisulphate, 187. 

„ trisulphide, 188. 
Dihvdric sulphate chromate, 187. 
Diplumbic chromate, 184. 
Bipotassic chromate, 186. 

, , chromous disulphate, 
187. 

„ dichromate^ 186. 

„ dichromic tetrasul- 
phate, 187, 

„ tnohromate, 186. 
Normal potassic chromate, 186. 
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Ghrosnimn (continued), 

Ootoohromic oarbonate dihy- 

dpate, 187. 
Perchromic add, 187. 
Plumbic chromate, 187. 
Potasaic bichromate, 186. 
„ chlorochromate, 188. 
„ terohromate, 186. 
Potassium chrome sdum, 187. 
Bed lead ore, 187. 
Sulphochromic acid, 187. 

anhydride, 188. 
Tetrapotassio (uchromoeul- 

phate, 187. 
Tnplumbic dichromate, 184. 
Chryson, 101. 
Cimolite, 177. 
Cinchonine, 370. 
Gimiabar, 168. 
Citramide, 375. 

Citryl-triphenyl-triamide, 375. 
Clarification of elements, 31. 

nic compounds, 



Clay, porcelain, 177. 

„ porcelain of Passau, 177. 
Cobalt, 195. 

Atomicity of cobalt, 195. 
Cobalt pyrites, 196. 
Cobaltic chloride, 195. 
„ disulphide, 197. 
„ oxide, 195. 
„ ox^dihydrate, 196. 
„ sulphide, 196. 
Cobaltoso-diammon-diammonio 

dichloride, 196. 
Cobaltous chloride, 195. 

„ dicobaltic tetroxide, 

195. 
„ dihvdric sulphate, 

„ dinitrate, 196. 

„ dipotassic dioarbo- 

nate, 196. 
„ dipotassic disulphate, 

„ hydrate, 196. 
„ oxide, 195. 
„ sulphide, 196. 
Compounds of cobalt, 195. 
Dicobaltic hexammon-hexam- 
monio hexachlo- 
ride. 196. 



Cobalt (continued), 

Dicobaltio tetrammon-hexam- 
monic hexachlo- 
ride, 196. 
Dioobaltous carbonate dihy- 
drate, 196. 
„ oxysulphide, 197. 

Dihydric cobaltous sulphate, 197 
„ pentaoobaltous dicar- 

bonategtetrahydrate, 
196. 
Dipotassic cobaltous dicarbo- 
nate, 196. 
„ cobaltous disulphate, 
196. 
Hexacobaltic heptoxide, 195. 
• Luteo-cobalt chloride, 196. 
Purpureo-cobalt chloride, 196. 
Boseo-oobalt chloride, 196. 
Codeine, 370. 
CoUidine, 367. 
Collynte, 177. 
Combination, atomic, 30. 

,, molecular, 30. 

Combining proportions, 2. 
Common sodic phosphate, 119. 
Compound organic radicals, 200. 
f, basylous radicals, hy- 

drides of, 232. 
„ negative radicals, hy- 
drides of, 232. 
„ oxamides, 232. 
,, positive radicals, hydrides 

of, 232. 
f, radicals, 26. 
,f radicals, chief inorganic, 

list of, 28. 
„ radicals, definition of, 27. 
„ radicals, dyad, 27. 
„ radicals, monad, 27. 
„ radicals, symbols of, 28. 
„ radicals, triad, 27. 
„ substances, 1. 
„ of nitrogen with chlorine, 

69. 
„ of nitrogen with iodine 

and hydro^n, 69. 
„ of nitrogen with chlorine 

and oxygen, 66. 
„ of nitrogen with hydro- 
gen, 67. 
Compounds, 1. 

„ binary, 7. 
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Compounds of chlorine with o^gen 
and hydroxyl, 48. 
„ organic, 199. 
„ of carbon with oxygen,67. 
„ of sulphur with baisjlous 

elements, 70. 
„ of sulphur with positive 
elements, 70. 
Conme, 366. 
Constituents of organic compounds, 

199. 
Copper, 170. 

Ammoniocupric carbonate, 173. 
sulphate, 172. 
Atomicity of copper, 170. 
Azurite, 173. 
Blue copper, 171. . 

„ malachite, 173. 
Brochantite, 172. 
Compounds of copper, 170. 
Copper, acetylide of, 219. 
„ azure, 173. 
„ glance, 171. 
„ pyrites, 194. 
Cupric chloride, 170. 
„ hydrate, 171. 
„ nitrate, 171. 
„ oxide, 171. 
„ phosphide, 109. 
„ sulphide, 171. 
„ sulphoh^drate, 171. 
Cuprodiammomccarbonate, 173. 
Cuprosovinylic ether, 219. 
Cuprous chloride, 170. 
„ hydrate, 170. 
„ hydride, 170. 
„ oiide, 171. 
ft quadrantoxide, 171. 
„ sulphide, 171. 
Dicupric car Donate, 172. 

„ carbonate dihydrate, 
172. 
Diferrio dicupric trtrasulphide, 

194. 
Dihydric cupric sulphate, 171. 
„ ditunmonic ouprodi- 
ammonicsulphate,172. 
f, tetracupric sulphate 

tetranydrate, 172. 
„ tricupric dicarbonate, 
173. 
Dioptase, 173. 
Dipotassic cupric disulphate,172. 



Copper {conHntied), 

Hydriccupriosilicate hydrate,173. 
„ pentacuprio sulphate pen- 

tahydrate, 172. 
„ tricupric sulphate trihy- 
drate, 171. 

Indigo copper, 171. 

Malachite, 172. 

Mountain-blue, 173. 

Mysorin, 172. 

Eed copper ore, 171. 

Ruby ore, 171. 
Coquimbite, 194. 
Cream of tartar, 132. 
Crith,34. 

„ use of, 34. 
Crocoisite, 187. 

Crystallization, water of, 30, 43. 
Cubic foot, 33. 
Cumol, 237. 

Cupric compounds (see Copper). 
Cuprous compounds (see Copper). 
Cyamelide, 228. 
Cyanic hydride, 243. 
C^ranides, double, 224. 

,, easily decomposable, 225. 

,, single, 224. 
Cyanite, 177. 
Cyanogen, 221, 222. 

„ chlorides of, 227. 
Cymol, 237. 

Dark-red silver, 137. 
Definition of adds, 8. 

„ acid salts, 13. 

„ anhydrides, 8, 10. 

„ anhydrous acids, 8, 10. 

„ artiads, 20. 

„ bases, 11. 

„ basic salts, 13. 

„ chemistry, 1. 

„ compound radicals, 27. 

„ dyads, 20. 

„ dibasic acids, 9. 

„ haloid salts, 12. 

„ hexads, 20. 

„ hydrates, 11. 

„ monads, 20. 

„ monobasic acids, 9. 

„ neutral salts, 12. 

„ normal salts, 12. 

„ oxysalts, 12. 

„ pentads, 20. 
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Definition of periMads, 20. 

polybasio adds, 9. 
8alto,12. 
sulpho-saltB, 12. 
t6tradB,20. 
triadB,20. 
DeriyatiTeB of glycol, 265. 

,, BulMtitution, of benzol, 
239. 
Development of formula, 203. 
Diaoetic glycol 362. 
Diaoetimide, 373, 376. 
Diaoetin, 362. 

Diadd alcohols, 244, 245, 26a 
Diadelphic type, 201, 202. 
DialkafamidflB, 375. 
Diamide, trimerouric, 170. 
Diamides, 374. 

„ oonstitation of, 374. 
„ formation of primary, 374. 
„ primary, 374. 
„ secondary, 374. 
„ tertiary, 374. 
Diaminee, 364, 367. 

„ formation of, 367. 
„ monacid salts o^ 379. 
„ normal salts of, 379. 
„ oxides of, 368. 
„ primary, 368. 
„ secondary, 368. 
tertiary, 368. 
Diamond boron, 52. 
Diarsenious disolphide, 124. 
Diaspore, 176. 
Diatomic molecules, 3, 19. 
Dibasic acids, 337. 

„ acids, anhydrides of, 357. 
„ acids, definition of, 9. 
„ acids, fumario or acryloid 
series of, 345. 
Dibismuthic tetroxide, 140. 
Dibismuthous dioxide, 140. 

„ disulphide, 144. 

„ tetrachloride, 140. 

Dibrombenzol, 239. 
Dicadmio sulphate dihydrate, 167. 
Dichloraniline, 376. 
Dichlorbenzol, 241. 
Dichlorethide, bismuthous, 139. 
Dichlorhydrin, 282, 289. 
Dichlorinated methylic chloride, 285. 
Diethylamine, 366. 
Diethylated acetone, 360. 



Diethylene triammonio diohloride, 
379. 

„ triammonic monochlo- 

ride, 379. 

„ trianmionictrichloride,d79. 
Diethyloxamide, 375. 
Diglucinic silicate, 102. 
Dimethylamine, 366. 
DimethVlated acetone, 360. 
Dinitrobenzol, 242. 
Diopside, 103. 
Dioptase, 173. 
Diphenyl-carbonyl-oxalyl diamide, 

Disodic disulphate, 77. 
Displaceable hydrogen, 9. 
Distannic hexethoxide, 390. 
Disulphide, dibismuthous, 144. 
DitelTuro-Bulphide, bismuthous, 145. 
Dithionates, 82. 
Dititanic dinitride, 106. 

„ hexachloride, 106. 
Diarconic silicate, 102. 
Dodecasodic decaphosphate, 115. 
Dolomite, 162. 
Double cyanides, 224. 

„ monadelphic type, 202, 203. 
Dyad basylous radicals, 212. 

„ compound radicals, 27. 
Dyads, definition of, 19. 
Dyad elements, 39, 155. 
Dyads, list of, 32. 
Dyad positiye radicals, haloid ethers 

of, 281, 287. 

Elaldehyde, 294. 
Electric calamine, 165. 
Electro-negatiye elements, 4. 
„ -positive elements, 4. 
Elementary molecule, 2. 
Elements, 1. 

„ atomicity of, 17. 

„ basylous, 4. 

„ chlorous, 4. 

„ ' chlorous, table of, 4. 

„ classification of, 31. 

„ dyad, 39. 

„ electro-negative, 4. 

„ electro-positiTe, 4. 

„ hexad, o9. 

„ monad, 36. 

„ names of, 6, 7. 

„ negatiye, 4. 
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ElementB, pentad, 60. 
„ positive, 4. 
table of, 6. 
„ tetrad, 67. 
„ . triad, 51. 
EUenbogen, kaolin of, 177. 
Embolite, 154. 
Emerald, 103. 
Emetic tartar, 132. 
Empirical formulse, 17. 
Enstatite, 102. 
Epichlorhydrin, 282, 290. 
Equations, chemical, 15. 
Erythrite, 270. 
Erythroglucin, 270. 
Ei^thromannite, 270. 
Ether, 274. 

„ allylio, 276. 

„ amylic, 273. 

„ butyHc, 273. 

„ cuprosoTinylic, 219. 

„ diethoxalic, 386. 

„ diethylated ethylic, 385. 

„ ethylenic, 277. 

„ ethylic, 274, 272. 

„ ethylic amylic, 273. 

„ ethylic butylic, 273, 

„ glycylic, 279. 

„ methyUc, 274, 272. 

„ methylic amylic, 272. 

„ methylic ethylic, 272. 

„ monosodacetic, 304. 

„ phenylic, 276. 

„ stanntriethylic, 388. 

„ sulphomet^Uc, 362. 

„ sulphuric, ^74. 

„ toluyHc, 276. 
Ethers, 272. 

„ formation of, 273. 

„ haloid, 280. 

„ haloid, of the dyad positive 
radicals, 281, 287. 

„ haloid, of the monad positive 
radicals, 280, 282. 

„ haloid, of the triad positive 
radicals, 281. 

„ of the diacid alcohols, 272, 
276. 

„ of the methyl series, 272. 

„ of the monacid alchols, 272. 

„ of the phenyl series, 276. 

„ of the triac^ alcohols, 272, 
279. 



Ethers of the vinyl series, 276. 
Ethereal salts, 243, 361. 

„ salts, decomposition of, 362. 

„ salts, definition of, 361. 

„ salts of diacid alcohols, 362. 

„ salts of dibasic acids, 362. 

„ salts, dibasic acids, add, 
362. 

„ salts, dibasic acids, neu- 
tral, 362. 

„ salts, monacid alcohols, 362. 

„ salts, monobasic acids, 362. 

„ salts, triacid alcohols, 362. 

„ salts, tribasic acids, 362. 

„ salts, tribasic acids, acid, 
362. 

„ salts, tribasic acids, neu- 
tral, 362. 

„ salts, production of, 361. 
Ethide, antimonious, 128. 

„ boric, 51. 

„ bismuthous, 139. 

„ hypostannic, 387. 

„ lithiomercuric, 391. 

„ lithiozincic, 391. 

„ magnesio, 391. 

„ mercuric, 386. 

„ perplimibic, 388. 

„ potassic, 389. 

„ potassio-zincic, 391. 

„ sodio-zincic, 391. 

„ stannic, 387. 

„ stannous, 387. 

„ tellurium, 390. 

„ zincic, 389. 
Ethobromide, mercuric, 386. 
Ethodiniodide, hypostannic, 387. 
Ethohydrate, mercuric, 387. 
Ethonitrate, mercuric, 391. 
Ethoxyl, 203. 
Ethyl, 208, 210. 

acetone, 360. 
acetyl, 360. 
butyral, 360. 
propionyl, 360. 
urea, 368. 
acetamide, 375. 
Ethylamine, 365. 
Ethylammonic chloride, 378. 
Ethylamylamine, 366. 
Ethylated acetone, 360. 
Ethyl diacetamide, 375. 
Ethylene, 213. 
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Ethylene oompoondB, 214. 

„ diamine, 369. 
Etfaylene-diammonic diohloride, 379. 
,f monochloride,379. 

Ethylene diethyl diamine, 369. 
series, 212. 
„ series of radicals, action 
of chlorine on, 214. 
Ethylenio bromide, 288. 
„ chloride, 287. 
„ ohlorhydrate, 281, 287. 
„ cyanide, 289. 
,, duchloride, 281. 
„ ether, 277. 
„ iodide, 288. 

iodhydrate, 287. 
„ oxide, 277. 
„ oxide, isomers of, 277. 
fithylic acetate, 362. 
chloride, 286. 

diethacetone carbonate, 360. 
disodaoetone carbonate, 359. 
ethaoetone carbonate, 359. 
ether, 274. 
ethylozincio diethbxalate, . 

386. 
iodide, 286. 

sodacetone carbonate, 359. 
succinate, 362. 
sulphhydrate, 251. 
„ sulphide, 276. 
Ethylidene and ethylene, isomerism 
of, 32a 
„ compounds, 215. 
„ cyaimydrate, 329. 
Ethylochlorether, 385. 
Ethylodimethide, stannic, 387. 
Ethylo-zindc dinitromethylate, 386. 
„ ethylic diethoxalate, 

386. 
Ethylphenylamine, 366. 

Fahl ore, 137. 

Fatty series of acids, 297. 

„ acids, normal, 298. 

„ adds, secondary, 310. 

„ acids, tertiary, 311. 
Feather ore, 137. 
Felspar, 103. 

Feme compounds (see Iron). 
Ferricyanide, potassic, 227. 
Ferrocyanide, potassic, 226. 
Ferrous compounds (see Iron). 



FibroHte, 177. 

Fibrous brown iron ore, 192. 
Fire-damp, 234. 
Flint, 102. 

Fluoride, antimonious, 130. 
„ bismulhous, 140. 
„ boric, 53. 
„ .silicic, 100. 
Fluorine, 96. 

„ compound o^ with hydro- 
gen, 97. 
Foot, 33. 

„ cubic, 33. 
Formulae, 14. 

„ development of, 204. 
„ empirical, 17. 
„ graphic, meaning of, 25. 
„ graphic, of organic com- 
pounds, 205. 
„ rational, 17. 
„ statical and dynamical, 
26. 
Formyl, 220. 
Fowler*s solution, 122. 
Francolite, 119. 

Fumaric or acryloid series of acids, 
345. 
^ or acryloid series of acids, 
isomerism in, 345. 

Galena, 182. 
GaUon, 33. 
Gk«, chloronitric, 66. 
„ chloronitrous, 66. 
„ chloropernitric, 66. 
„ laughing, 64. 
„ phosgene, 59. 
Gkiseous phosphoretted hydrogen, 

108. 
Gbultheria procumbens, oil of, 249. 
Gibbsite, 175. 
Glance, bismuth, 144. 
„ iron, 192. 
„ nickel, 198. 
„ silver, 154. 
Glucose, 271. 
Glycerin, 267, 268. 
Glyoocin, 337. 
Glycol, acetobutoic, 266. 
„ amylic, 262. 
„ bromethylic, 265. 
„ brombydiic, 265. 
„ butylic, 262. 
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Glycol, chlorhydric, 266, 281, 287. 

„ derivatives of, 266. 

„ diacetic, 266, 362. 

,, diethylenio, 266. 

„ dietli;^lic, 266. 

„ disodic, 266. 

„ ethyUc, 262, 264. 

„ hexethylenic, 266. 

„ hydric ethylic, 266. 

„ iodhydric, 287. 

„ monacetio, 266, 362. 

„ monosodic, 266. 

„ pentethylenic, 266. 

„ ppopylic, 262. 
sulphur, 266. 

„ tetrethylenic, 266. 

„ triethyienic, 266. 
GlycoUic acetobromide, 266. 
Glycols, 2(52. 

„ polyethylenic 266. 

„ relations of succinic series 
to, 340. 
Glycolyl, 221. 
Glyoxal, 334. 
Glyoxyloid series of dibasic adds, 

Ckdd,* 174. 

Atomiciir of gold, 174. 
Auric anhydride, 174. 
„ chloride, 174, 
,, iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Aureus chloride, 174. 
„ iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Compounds of gold, 174. 
Potassic aurate, 174. 
Grain, 34. 
Gramme, 34. 

Graphic formulae, meaning of, 26. 
„ formulae of organic com- 
pounds, 206. 
„ notation, 23. 
Graphitoidal boron, 62. 
Green salt of Magnus, 179. 
Greenockite, 167. 
Grey antimony ore, 136. 

„ nickel ore, 198. 
Grossularia, 103. 
Guanite, 163. 
Gypsum, 160. 



Haematite, brown, 192. 

„ red, 192. 
Hair nickel, 197. 
Haloid compounds of oxybases, 363, 

„ ethers, 280. 

„ ethers of the dvad positive 
radicals, 281, 287. 

„ ethers of the monad positive 
radicals, 280. 

„ ethers of the triad positive 
radicals, 281, 289. 

„ salts, definition of, 12. 
Hartmangan, 189. 
Hausmanite, 189. 
Heavy spar, l.'i6. 
Helvme,.191. 
Hepar sulphuris, 160. 
Heptylene, 213. 
Heterocline, 191. 
Hexad elements, 69, 186. 
Hexads, definition of, 20. 

list of, 32. 
Hexasodic tetraphosphate, 116. 
Hexatomic molecules, 3. 
Hexylene, 213. 
Horn-mercury, 168. 

„ silver, 164. 
Hydrate, argentic, 166. 

„ baric, 159. 

„ cadmic, 167. 

„ calcic, 161. 

„ magnesic, 162. 

„ potassic, 147. 

„ sodic, 161. 

„ strontic, 169. 

„ zincic, 166. 
Hydrates, 43. 

„ definition of, 11. 
Hydric oxide, 43. 

„ peroxide, 44. 

„ persulphide, 72. 

„ sulphate, 74. 
Hydride, anyhc, 234, 236. 

„ antimonious, 126. 

„ butyUc, 234. 

„ caproylic, 234. 

„ cuprous, 170. 

„ cyanic, 243. 

„ decatylic, 234. 

„ dodecatylic, 234. 

„ en decatylic, 234. 
ethyUc, 234, 236. 
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Hydride, hepWlio, 234. 
„ heiylic, 234. 
„ methTlic, 234. 
„ nonylic, 234. 
octylic, 234. 
oxatylic, 243. 
^ pentadecatylic, 234. 
„ pentylic, 234. 
„ phenylic, 238. 
„ propylic, 234. 
tf silicio, 99. 
„ tetradecatylio, 234. 
„ tetryUc234. 
„ trideca^lio, 234. 
„ tritylic, 234. 
Hydrides of compound basyloos ra- 
dicals, 232.. 
„ of compound negatdye ra- 
dicals, 232, 243. 
„ of compound positiye ra- 
dicals, 2^ 
„ of the radicals of the me- 
thyl series, 232. 
„ of the radicals of the phe- 
nyl series, 237. 
Hydrochloric acid, 39. 

dycide, 282. 
Hydrodiniodide, nitrous, 69. 
Hydrogen, 36. 

„ Incarburet of, 238. 
„ compounds o( with nitro- 
gen, 67. 
„ displaceable, 9. 
„ sulphuretted, 71. 
Hydrosulphate of ethyl, 251. 
Hydrosulphyl, 28, 72. 
Hydroxyl 28, 44. 
Hyperoxide, chloric, 45. 
Hypochlorites, 48. 
Hypochlorous anhydride, 46. 
Hypostannic ethide, 392. 

„ ethodiiodide, 392. 

Hyposulphites, 81. 

Imides, 363, 376. 

„ general formula of, 376. 
Lnidogen bases, 365. 
Indigo copper, 171. 
Inorganic compound radicals, chief, 

list of, 28. 
Introduction to organic chemistry, 

199. 
Iodates,95. 



Iodides, antimonious, 130. 
„ bismuthous, 140. 
Iodide, j^osphonic, 107, 109. 
Iodine, 90. 

„ compounds of, with oxygen 
and hydroxyl, 93. 
lodhydric elycoC 287. 
lododiethide, stannic, 387. 
lodotriethide, stannic, 387. 
Iron, 192. 

Atomicity of iron, 192. 
Brown n»matite, 192. 
„ iron ore, 193. 
Chrome iron ore, 186. 
Compact brown iron ore, 192. 
Compounds of iron, 192. 
Copper pyrites, 194. 
Coquimbite, 194. 
Dichromic ferrous tetroxide, 

186. 
Diferric dicupric tetrasulphide, 
194. 
dioxy-dihydrate, 193. 
hexab^drate, 1^. 
hexamtrate, 194. 
oi^-tetrahydrate, 193. 
trisulphate, 194. 
trisulphide, 194. 
Diferrous sulphide, 193. 
Dipotassicdiferric tetrasulphate, 
194. 
„ ferrous disulphate, 
194. 
Ferric chloride, 192. 
„ disulphide, 193. 
„ oxide, 192. 
„ trisilicate, 103. 
Ferrous carbonate, 195. 
„ chloride, 192. 
„ dichromic teiroxide, 

186. 
„ diferric tetroxide, 193. 
„ dipotassic disulphate, 

194. 
„ hydrate, 192. 
„ nitrate, 195. 
„ oxide, 192. 
„ sulphate, 194. 
„ sulphide, 193. 
Fibrous brown iron-ore, 192. 
Heptaferric octosulphide, 195. 
H^cahydric diferric diphos- 
phate dihydratC; 194. 
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Iron (continued). 
Iron glance, 192. 
„ micaceous, 192. 
„ ore, brown, 193. 
„ ore, compact brown, 192, 
„ ore, fibrous brown, 192. 
„ ore, magnetic, 193. 
„ ore, needle, 193. 
„ ore, spathic, 195. 
„ potassium alum, 194. 
„ pyrites, 193. 
„ specular, 192. 
Biagnetic iron ore, 193. 
„ pyrites, 195. 
Martial pyrites, 193. 
Micaceous iron, 192. 
Needle iron ore, 193. 
Octoferrous sulphide, 193. 
Oligist, 192. 
Potassic ferrate, 193. 
Potassium iron alum, 194. 
Bed haematite, 192. 
Spathic iron ore, 195. 
Specular iron, 192. 
Tetraferric sulphate, 194. 
,f trioxyhexahydrate, 
192. 
Tetrahydric tetraferric sulphate 

octohydrate, 194. 
Triferric tetroxide, 193. 
Vitriol ochre, 194. 
Irregular names, 8, 11. 

„ names of bases, 11. 
Isomeric forms of valeric acid, 

309. 
Isomerism of ethylene and ethyli- 
dene, 328, 346. 
„ in the lactic series, 325. 

Isomerism in fumario or acryloid 

series, 345. 
Isopropylic alcohol, 253. 
„ iodide, 268. 

Eaolin of Ellenbogen, 177. 
Ketones, 357. 

,t formation of, 358. 

„ isomerism of, 360. 

„ list of, 360. 

„ of the C„H»,-7 aeries, 361. 
KobelHt», 145. 
Kupfemickel, 198. 

Labradorite, 103. 



Lactic series of acids, relations of^ to 
acetic series, 324. 
„ series of acids, relations of, to 

acrylic series, 324. 
„ series of acids, relations of suc- 
cinic series to, 340. 
Lactide, 357. 

Lactoid series of dibasic adds, 349. 
Lactyl, 221. 
Lanarkite, 184. 
Latent atomicity, 21. 
Laughing gas, 64. 
Law of volumes, 3. 
Lead, 180. 

Basic hyponitrate of lead, 183. 
Crocoisite, 187. 

Dihydric diplumbic nitrate hy- 
drate, 183. 
„ diplumbic nitrate ni- 
trite, 183. 
„ triplumbic dicarbo- 
nate, 184. 
Diplumbic chromate, 184. 

„ nitrite hydrate, 182. 



,f oxydichloride, 181. 
„ oxydihydrate, 181. 
„ sulphate carbonate, 

184. 
,f sulphodidiloride, 

182. 
„ trioxide, 181. 
Dipotassic plumbate, 184. 
Gaiena, 182. 

Hydric plumbic nitrate, 183. 
Lanarkite, 184. 
Lead, atomicity of, 180. 
„ compounds of, 180. 
„ spar, 18a 
„ vitriol, 182. 
Leadhillite, 184. 
Litharge, 181. 
Matlockite, 181. 
Mendipite, 182. 
Octoplumbic heptoxydichloride, 

182. 
Perplumbic chlorotriethide, 
388. 
„ ethide, 388. 

„ triethohydrate, 388. 

Plattnerite, 181. 
Plumbic carbonate, 183. 
T 
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I (conHnued). 
Plumbic chloride, 180. 

„ chlorohydrate, 181. 
„ diromate, 187. 
„ dinitrate, 183. 
„ dinitarita, 182. 
hydrate, 181. 
,, nitrite hydrate, 182. 
„ oxide, 181. 
„ peroxide, 181. 
„ sulphate, 182. 
„ sulphide, 182. 
Plumbous oxide, 181. 
Bed lead, 181. 

„ ore, 187. 

Tetraplumbio pentoxide, 181. 
„ tricarbonate sul- 

phate, 184. 
Triplumbio didiromate, 184. 
„ dihjdrate dicarbo- 

nate, 184 
,t oxjdichloride, 182. 

tetroxide, 181. 
White lead ore, 183. 
Lead, basic hyponitrate of, 183. 
„ ore, red, 187. 
„ ore, white, 183. 
„ spar. 183. 
„ Titriol, 182. 
Leadhillite, 184. 
Lead, red, 181. 
Length, measures of, 33. 
Lepidolite, 178. 
Letters, thick, use of, 16. 
Leucin. 332. 
Leukon, 101. 

Light carburetted hjdrogen, 234. 
Lime, chloride of, ^, 161. 

„ skked, 161. 
Liquid phosphoretted hydrogen, 106, 

Listofdjads, 32. 

„ hexads, 32. 

„ monads, 32. 

„ pentads, 32. 

„ tetrads, 32. 

„ triads, 32. 
Litre. 33. 
Lithia, 152. 
Litharge, 181. 
lithic chloride, 152. 

„ hydrate, 152. 
LiUiiomercuric ethide, 391. 



Lithiodncic ethide, 391. 
Lithium, 152. 
Liver of sulphur, 150. 
Luteo-cobalt chloride, 196. 
Lutidme, 367. 

Magnesia, 162. 

alba, 164. 
Magnesio aluminate {Spinelle), 
176. 

„ carbonate, 163. 

„ chloride, 162. 

„ ethide, 391. 

„ hydrate, 162. 

„ oxide, 162. 

„ sulphate, 162. 
Magnesite, 163. 
Magnesium, 162. 
Magnetic iron ore, 193. 

„ pyrites, 195. 
Magnus, green salt of^ 179. 
Malachite, 172. 

„ blue, 173. 
Malic series of acids, 349. 
Malonyl, 221. 
Malthacite, 178. 
Manganese, 188. 

Aluminic manganous disilicate, 
191. 
„ manganous tetrasul- 
phate, 190. . 

Atomicity of manganese^ 188. 

Braunite, 189. 

Compounds of manganese, 

Dihydric dimanganio silicate di- 
hydrate, 191. 
„ dimanganous diphos- 
phate, 191. 
„ manganous sulphate, 
190. 
Dimanganic dioxrdihydrate, 

„ hexachloride, 188. 

„ trioxide, 189. 

„ trisulphate, 190. 

Dimanganous silicate, 191. 
Dipotassio dimanganio tetrasul- 
phate, 190. 

„ manganate, 189. 

„ manganous disul- 
phate, 190. 

„ permanganate, 190. 
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Manganese (cotiHnued), 

Disulphopotassic trimanganous 

disulphide, 190. 
Hartmangan, 189. 
Hausmanite, 189. 
Helvine, 191. 
Heterocline, 191. 
Hexmanganic monosilioate, 191. 
Manganese aluminium alum, 
190. 
„ blende, 190. 

„ potassium alum, 

190. 
„ siliciferous, 191. 

spar, 190. 
Manganic chloride, 188. 
„ oxide, 189. 
„ perfluoride, 188. 
Manganite, 189. 
Manganoufi aluminio disilicate, 
191. 
„ chloride, 188. 

„ aluminio tetrasul- 

phate, 190. 
„ carbonate, 190. 

„ dihydrio sulphate, 

190. 
„ dimanganic tetrox- 

ide, 189. 
„ dimanganic tetrox- 

ide dihydrate, 189. 
„ dipotassic dis'ul- 

phate, 190. 
„ hydrate, 188. 

„ oxide, 189. 

„ silicate, 191. 

„ sulphide, 190. 

Potassium manganese alum, 

190. 
Psilomelane, 189. 
Pyrolusite, 189. 
Bed manganese, 191. 
Bothbraunsteinerz, 191'. 
Bother Mangankiesel, 191. 
Siliciferous manganese, 191. 
Schwarzer Mangankiesel, 191. 
Tephroite, 191. 
Tn^lucinic tetramanganous tri- 

suicate sidphide, 191. 
Trimanganic tetroxide, 189. 
Varvicite, 189. 
Manganese aluminium alum, 190, 
,, blende, 190. 



Manganese potassium alum, 190. 
„ red, 191. 
„ spar, 190. 
Manganite, 189. 
Mannite, 271. 

ManufiEtcture of nitric acid, 62. 
Marble, 160. 
Marks of atomicity, 18. 
Marsh-gaA, 234. 

„ series, hydrides of, 

232. 
„ type, 201. 

Martial pyrites, 193. 
Matlockite, 181. 
Meadow-sweet, oil of, 336. 
Measures of capacity, 33. 
„ length, 33. 

„ surface, 33. 

„ weight, 34. 

Measures, weights and, 32. 
Meerschaum, 103. 
Melene, 214. 
Mendipite, 182. 
Mendius's reaction, 248. 
Mercaptan, 2.51. 
Mercnryy 168. 
Cinnabar, 168. 
Dihydric trimercuric dinitrate, 

169. 
Dimercurous dinitrate, 169. 
Hexahydric trimercurous tetra- 

nitrate, 169. 
Horn-mercury, 168. 
Mercurous tetrahydric dinitrate, 

169. 
Mercurammonic chloride, 170. 
Mercuric amylide, 384. 
„ chloride, 168. 
„ ethide, 386. 
„ ethobromide, .S86. 
„ ethohydrate, 387. 
„ ethonitrate, 391. 
„ iodoethide, 389. 
„ methide, 387. 
„ methiodide, 387. 
„ methohydrate, 387. 
„ oxide, 168. 
„ sulphate, 168. 
„ sulphide, 168. 
Mercurosodiammonic dichlo- 

ride, 169. 
Mercurosomercuro-diammonic 
dichloride, 170. 
t2 
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Merctiry (eanftnued), 

Mercur»U8 chloride, 168. 

„ dimerouricdinitrate, 

160. 

„ oxide, 168. 

„ sulphate, 168. 

„ sulphide, 168. 

Methohjdnte, merourie, 387. 

Organo-mercurio compounds, 

382, 386, 389. 
Tetrahydric dimercuric dini- 
trate,169. 
„ merottric dinitrate, 

160. 
„ mercurous dini- 

trate, 160. 
Tetramercnric oarhonate, 160. 
Trimercuric carbonate, 160. 
„ diamide, 170. 

„ sulphate, 168. 

Turpeth mineral, 168. 
Vermilion, 168. 
White precipitate, 170. 
Metaboric acid, 54. 
Metaldefa jde, 294. 
Metalloid 6. 

„ names of, 6. 

Metals, 6. 

Metaphosphates, 117. 
Metastannio acid, 105. 
Metasulphantimonites, 137. 
Metasulphantimonite^ solphargen- 
tic 137. 
„ snlphocu- 

J)rou8, 137. 
phofer- 
rous, 137. 
,» solphoplum- 

bicl37. 
Methide, aluminic, 380. 
boric, 386. 
„ mercuric, 301. 
„ potassio-zincic, 301. 
„ tellurium, 391. 
zincio, 386, 301. 
Methoxyl, 203. 
Methyl, 208. 
Methyl acetone, 360. 
„ benzone, 361. 
„ benzoyl, 361. 
„ series, hydrides of the radi- 
cals of, 232. 
,t series of alcohols, 245, 246. 



Methyl series, normal alcohols d, 

245,246. 
„ series, secondary alcohols of, 

245,252. 
N series, tertiary alcohols of, 

245,254. . 
„ series, normal radicals of, 

207,208. 
„ series, preparation of normal 

radicals of, 209. 
„ series, seoondaiy radicals of, 

208. 
„ series, tertiary radicals of, 

208. 



type, 201. 
▼iueral. J 



360. 

Methylamine, 365. 
Methylated acetone, 360. 
Methylenic chloride, 287. 

iodide. 287. 
Methylethylamine, 366. 
Methylethyl-phenylamine, 367. 
Mettiylic chlorid*^, 285. 

f, chloride, dichlorinated, 

285. 
„ chloride, monochlorinated, 

285. 
„ chloride, trichlorinated, 

285. 
„ oxide {Methylic ether), 274. 
Metre, 33. 
Micaceous iron, 192. 
Miloschine, 177. 
Modes of chemical action, 1. 
Molecular combination, 30. 
„ union, 30. 
„ volume, 2. 
„ volumes, table of, 3. 
weight, 2. 
Molecules, 2. 

„ diatomic, 3, 10. 
„ elementary, 2. 
„ hexatomic, 3. 
„ monatomic, 3, 10. 
„ tetratomio, 3. 
„ triatomic, 3, 10. 
Monacetic glycol, 362. 
Monacetin, 3(>2. 
Monacid alcohols, 244, 246. 
„ alcohols, secondary, 252. 
„ alcohols, tertiary, 254. 
„ alcohols, normal, of the 
phenyl series, 258, 260. 
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Monadd alcohols of the phenyl 
series, 258. 
„ alcohols of the Tinyl series, 
255. 
Monad basylous radicals, 207. 
„ compound radicals, 27. 
„ elements, 145, 36. 
„ positive radicals, haloid 
ethers of, 280, 282. 
Monadelphic type, 201, 202. 
Monads, definition of, 20. 

list of, 32. 
Monalludamides, 375. 
Monamides, 372. 

„ formation of primary, 
373. 
primary, 372. 
reactions of primary, 

373. 
secondary, 373. 
tertiary, 374. 
Monamines, 364. 

formation of primary, 

364. 
formation of secondary, 

365. 
formation of tertiary, 

366. 
methyl seriesof primary, 

phenyl series of pri- 
mary, 364. 

methyl series of secon- 
dary, 365. 

phenyl series of secon- 
dary, 365. 

primary, 364. 

reaction of primary, 
365. 

recognition of primary, 
367. 

recognitionof secondary, 
367. 

recognition of tertiary, 
367. 

secondary, 364, 365. 

tertiary, 364, 366. 

vinyl series of primary, 

„ yinyl series of secondary, 
365. 
Monatomic molecules, 3, 19. 
Monobasic acids, anhydrides of, 355. 



Monobasic adds, definition of^ 9. 

„ boric acid, 54. 

„ organic acids, 296. 
Monobrombenzol, 239. 
Monochlorbenzol, 241. 
Monochlorhydrin, 269. 
Monochlorinated methylic chloride, 
285. 
„ propylic glycol, 

269. 
Monomagnesic silicate, 102, 
Monome3iylarsenic acid, 380, 390. 
Morphine, 370. 
Mountain-blue, 173. 
Muriatic acid, 39. 
Miargyrite, 137. 
Mysorin, 172. 

Names of bases, systematic and 
irregular, 8, 11. 
„ of elements, 6, 7. 
„ irregular, 8, 11. 
„ systematic, 8, 11. 
„ trivial, 8, 11. 
Narceine, 370. 
Narcotine, 370. 
Natural alkaloids, 370. 
Needle iron ore, 193. 
Needle ore, 145. 
Negative elements, 4. 

„ compound radicals, hy 

dndes of, 232, 243, 
„ organic radicals, 207. 
Nickel, 197. 

Capillary pyrites, 197. 
Dihydric nickelous sulphate, 
197. 
„ pentanickelous dicar- 
bonate tetrahy- 
drate, 198. 
Binickelous sulphide, 197. 
Dipotassio nickelous disulphate, 
198. 
„ nickelous tricarbo- 
nate, 198. 
Grey nickel ore, 198. 
Hair nickel, 197. 
Eupfemickel, 198. 
NicKel glance, 198. 
Nickelic disulphide, 197. 
hydrate, 197. 
„ oxide, 197. 
„ tetrarsenide, 198. 

t3 
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Nickel (conHnued). 

Niokelous chloride, 197. 
,, diart^de, 198. 
,, dihydrio sulphate, 

1&7. 
,, dinitrate, 198. 
„ dipotassic diaulphate, 

19o« 
„ dipotaasic trioarbo- 

nate, 198. 
„ hjdrate, 197. 
„ oxide, 197. 
„ sulphide, 197. 
„ sulphide diaraenide, 
198. 
Nicotine, 370. 
Nitraniline, 242. 
Nitrates, 62. 
Nitric oxide, 61, 65. 
„ peroxide, 65. 
Nitride, boric, 56. 
Nitrides, general formula of, 376. 

„ negatiye, 376. 
Nitrites, 64. 
Nitrobenzol, 238, 241. 
Nitrocumol, 238. 
Nitrocymol, 238. 
Nitrogen, 60. 

„ caustic bases of, 377. 

„ compounds of triad, and 

its analogues, 363. 
„ compound of, with chlo- 
rine, 69. 
„ compounds of, with chlo- 
rine and o^gen, 66. 
„ compounds of, with hydro- 
gen, 67. 
„ compound of, with hydro- 
gen and iodine, 69. 
„ compounds of pentad, and 

its analogues, 377. 
„ organic compounds of, 363. 
„ oxides and oxacids of, 61. 
Nitrotoluol, 238. 
Nitrous chloride, 69. 

„ hydrodiniodide, 69. 
„ oxide, 61, 64. 
Nitroxylol, 238. 
Nomenclature, 5. 

„ of adds, 9. 

Non-metals, 6. 

„ names of, 6. 

Nonylene, 214. 



Normal acids, 297. 

„ acids of the acrylic series, 

312. 
„ acids of the lactic series, 317. 
„ fatty adds, 298. 
„ monacid alcdiols of phenyl 

series, 258, 260. 
„ olefine acids of the lactic 

series, 321. 
„ radicals of methyl series, 

207,208. 
„ radiods of methyl series, 

preparation of, z09. 
„ salts, 12. 
„ salts of amines, 379. 
Notation, 14. 

„ chemical, 14. 

„ graphic, 23. 

„ symbolic, 14. 

„ of organic compounds, 201 . 

Ochre, bismuth. 141. 

„ vitriol, 194, 
Octylene, 213. 
CEnanth^lene, 213. 
Oil of bitter almonds, 295. 
„ of Gk^ultheria procumbens, 249. 
Okenite, 103. 
Olefine t^, 202. 
Oleic series of acids, 312. 
Oligist, 192. 
Opal, 102. 
Organic antimonic acids, 380. 

„ arsenic acids, 380. 

„ arsenic dilorides, 380. 

„ arsenic oxychlorides, 380. 

„ bases, ud4. 

„ bases, periodides of, 31. 

„ chemistry, 199. 

„ compounds, 199. 

„ compounds, classification 
0^206. 

„ compounds, jeraphio for- 
mulae of, 206. 

„ compounds, notation of, 
201. 

„ radicals, 200, 207. 

„ radicals, basylous, 207. 

„ radicals, chlorous, 207, 221. 

„ radicals, negative, 207, 221. 

„ radicals, positive, 207. 
Organo-aluminic compoimds, 389. 

„ antimony compounds, 390. 
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Organo-arsenic compounds, 390. 
tt bismuth compounds, 390. 
., cadmium compounds, 389. 
,y lead oomponnos, 388. 
„ magnesium compounds, 

389. 
„ mercury compounds, 386. 
t, potassium compounds, 384. 
„ sodium compounds, 384. 
„ tellurium compounds, 388. 
„ tin compounds, 387. 
„ zinc compounds, 384, 389. 
Organometallic Iwdies, 381. 

„ bodies, constitution 

of, 388. 
„ bodies, definition of, 

381. 
„ bodies, formation of, 

382. 
„ bodies, reactions of, 

384 
bodies, types of, 389. 
Orthose, 103. 

Orthosidphantimonites, 137. 
Ounce, 34. 

Oxacids of nitrogen, 61. 
Oxalates, 230. 
Oxamide, 231, 374. 
Oxamides, compound, 232. 
Oxatyl, 221, 228. 
Oxatylic hydride, 243. 
Oxide, antimonious, 130, ]31. 
„ bismuthic, 142. 
„ bismuthous, 139, 140, 141. 
„ carbonic, 58. 
„ chloric, 45. 
„ hydric, 43. 
„ hyperchlorous, 45. 
„ nitric, 61, 65. 
„ nitrous, 61, 64. 
Oxides of antimony, 130. 
„ of chlorine, 45. 
„ of nitrogen, 61. 
Oxyantimonic bases, 378. 

bases, salts of, 380. 
Oxyarsenic bases, 377. 

„ bases, salts of, 380 
Oxybases, 363, 371. 
„ arsenious, 371. 
„ haloid compounds of, 363, 
376. 
Oxygen, 39. 

„ allotropic, 41. 



Oxygen compounds of carbon, 57. 
Oxysalts, definition of, 12. 
Ozone, 41. 

Papayerine, 370. 
Paraffin, 237. 
Paraldehyde, 294. 
Paramylene, 214. 
Parvoline, 367. 
Passau, porcelain clay of, 177. 
Pentad elements, 60, 107. 
Pentads, 32. 

„ definition of, 20. 
Peridote, 102. 
Pei:jodate8, 96. 
Perissads, 20. 
Petalite, 176. 
Phenacite, 102. 
Phenyl, 212. 

„ series, ethers of, 276. 
„ series, hydrides of the radi- 
cals of, 237. 
„ series, monacid alcdiols of, 

258. 
„ series, normal monacid alco- 
hols of, 258. 
„ series, raidicals of, 211. 
„ series, secondary alcohols of, 
259, 260. 
Phenylamine, 365. 
Phenylene series, 220. 
Phenylic hydride, 238. 

iodide, 280. 
Phosgene gas, 59. 
Phosphate, triple, 119. 
Phosphates, 119. 
Phosphines, 363, 370. 

salts of, 380. 
Phosphonic iodide, 107, 109. 
Phosphoretted hydrogen, gaseous, 
108. 
„ hydrogen, liquid, 108, 

110. 
„ hydrogen, solid, 108, 

Phosphoric chloride, 107, 111. 

„ oxytrichloride, 112. 

„ sulphotrichloride, 113. 
Phosphorite, 160. 
Phosphorous trichloride, 107, 111. 

„ trihydride, 107. 

Phosphorus, 107. 

„ allotropic, 108. 
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Phosphorus, amorphous, 106. 

„ compounds of, with oxy- 

gen and hjdroiyl, 
114. 
„ manufacture of, 107. 

„ organic compounds of, 

red,10a 
Phycite, 270. 
Picoline, 367. 
Piperidine. 366. 
Platintim, 178. 

Diplatosammonic oxide, 180. 
Ghreen salt of Magnus, 179. 
Platinic chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
„ sulphide, 180. 
Platinoso-diammon diammo- 

nium dihydrate, 180. 
Platinoso-diammonio dichlo- 

ride, 179. 
Platinoos chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
„ sulphide, 180. 
Platinum, atomicity of, 178, 

„ compounds of, 179. 
White compound of Beiset, 179. 
Phittnerite, 181. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polyacid alcohols, 270. 
Polybasic acids, definition of, 9. 
Porcelain clay, 177. 

„ of Passau, 177. 

Positive elements, 4. 
Potash, 147. 

„ caustic, 147. 
Potaasitixn, 145. 

Dipotassic aluminate, 176. 
„ aluminic hexasilicate, 

103. 
„ chromate, 186. 

„ chromousdisulphate, 

187. 
„ cobaltous dicarbo- 

nate, 196. 
„ cobaltous disulphate, 

196. 
I, cupric disulphate, 

172. 
„ dichromate, 186. 



Potassiuxn (continued). 

Dipotassic dichromic tetrasul- 
phate, 187. 
„ diferric tetrasul- 

phate, 194. 
disulphide, 149. 
ferrous disulphate, 

194. 
heptasulphide, 149. 
nickelous disulphate, 

198. 
nickelous tricarbo- 

nate, 198. 
pentasulphide, 149, 

150. 
plumbate, 184. 
sulphide,. 149. 
tetrasulphide, 149. 
trichromate, 186. 
trisulphide, 149, 
150. 
Hydric potassic tartrate, 132. 
„ sodic potassic phos- 
phate, 119. 
Normal potassic chromate, 186. 
Potassic antimonylic tartrate, 
132. 
„ aurate, 174. 
„ bichromate, 186. 
„ carbonate, 151. 

chloride, 145, 147. 
„ chlorochromate, 188. 
„ * chromate, normal, 186. 
„ ethide, 389. 
„ dioxide, 148. 
„ ferrate, 193. 
„ ferricyanide, 227. 
„ ferrocyanide, 226. 
„ fluoride, 147. 
„ hydrate, 145, 147. 
„ iodide, 145, 147. 
„ oxide, 148. 
„ perchlorate, prepara- 
tion o^ 60. 
„ peroxide, 149. 
„ sulphide, 145. 
„ sulphocarbonate, 73. 
„ sulphocyanate, ^8. 
„ sulphhydrate, 149. 
I, terchromate, 186. 
tetroxide, 148, 149. 
Potassiozincic ethide, 391. 
Potassiozincic methide, 391. 
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Potassixun (continued). 

Potassium chrome alum, 187. 
„ compounds of, 147. 
ft compounds of, with 

bromine, 147. 
„ compounds of, with 

;chlorine, 147. 
„ compounds of, with 

fluorine, 147. 
„ compound of, with 
hydrosulphyl, 149. 
„ compound of, with 

iodine, 147. 
„ compounds of, with. 

oxygen, 148. 
„ compounds of, with 

sulphur, 149. ^ 
„ iron alum, 194. 
„ manganese alum , 190. 
Tetrapotassic dichromosulphate, 
187. 
Potassoxyl, 28. 

Positive compound radicals, hydrides 
of, 232. 
,f dyad radicals, haloid ethers 

of, 281, 287. 
„ monad radicals, haloid ethers 

of, 280, 282. 
„ oiT^anio radicals, 207. 
„ triad radicals, haloid ethers 
of, 281. 
Powder, bleaching, 48. 
Prehnite, 176. 
Propione, 360. 
Proportion, combining, 2. 
Propoxyl, 203. 
Propyl, 208. 
Propylene, 213. 
Propylenic bromide, 288. 
„ chloride, 288. 

iodide, 288. 
Propylic glycol, monochlorinated, 

Propylic iodide, 280. 
Proustite, 125. 
Prussian blue, 227. 
Pseudorcin, 270. 
Psiloraelane, 189. 
Purpureo-cobalt chloride, 196. 
Pyridine, 867. 
P^tes, capillary, 197. 
cobalt, 196. 
„ copper, 194. 



Pyrites, iron, 193. 

„ magnetic, 195. 

„ martial, 193. 
Pyrolusite, 189. 
Pyromorphite, 119. 
Pyrophosphates, 118. 
PyrophylJite, 103. 
Pyrosulphantimonites, 187. 
PyroxyUc spirit, 249. 

Quadrantoxide, cuprous, 171. 
Quartz, 102. 
Quicklime, 161. 
Quinine, 370. 

Eadicals, acetylene series of, 217. 

„ compound, 26. 

„ compound basylous, hy- 
drides of, 232. 

„ com pound,chief inorganic, 
list of, 28. 

„ compound, chief inorganic, 
symbols of, 28. 

„ compound, definition of, 
27. 

„ compound, dyad, 27. 

„ compound, monad, 22. 

„ compound, triad, 27. 

„ dyad basylous, 212. 

„ dyad, relations of succinic 
series to, 340. 

,, haloid ethers of the dyad 
positiye, 287, 281. 

„ haloid ethers of the monad 
positive, 280, 282. 

„ haloid ethers of the triad 
positive, 281. 

„ hydrides of positive com- 
pound, 232. 

„ monad basylous, 207. 

„ monad, relations of, to 
fatty acids, 302. 

„ negative, hydrides of, 232, 

„ normal, of the methyl se- 
ries, 207, 208. 

„ normal, of the methyl se- 
ries, preparation of, 209. 

„ of the phenyl series, 211. 

„ of the phenyl series, hy- 
drides of, 237. 

„ of the vinyl series, 210. 

„ organic, 200. 
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Badioals, seoondaiy, of the methyl 
series, 208. 
„ simple, 26. 
», tertiary, of the methyl se- 

rie«,206. 
„ triad basylous, 220. 
Rational formulie, l7. 
Baxoumoflbkin, 178. 
Bealgar, 124. 
Bed antimony, 135. 

1, copper ore, 171. 

„ haematite, 192. 

„ lead, 181. 

„ lead ore, 187. 

„ manganese, 191. 

„ phosphorus, 108. 

„ silyer ore, 154. 

„ zinc, 164. 

Beiset, white compound of, 179. 
Bock-ciystal, 102. 
Boseo-cobalt chloride, 196. 
Bothbraunsteinerz, 191. 
Bother Mangankiesel, 191. 
Bubidium, 153. 
Buby ore, 171. 
ButOe, 106. 

Salt cake, 152. 
Salts, acid, definition of, 13. 
„ ammonic, 67. 
I, basic, definition of, 13. 
», definition of, 12. 
„ ethereal, 243, 361. 
,t haloid, definition of, 12. 
„ neutral, definition of, 12. 
„ normal, definition of, 12. 
„ o^-, definition o^ 12. 
„ sulpho-, definition of, 12. 
Sand, 102. 
Saponite, 178. 
Scheele*s green, 122. 
Schwarzer Mangankiesel, 191. 
Schweinfurt green, 123. 
Secondary alcohols of the phenyl 
series, 259, 260. 
„ monacid alcohols, 252. 

„ radicals of the methyl 

series, 208. 
Selenite, 160. 
Selenium, 84. 

„ chlorides of, 84. 

„ compounds of, with oxy- 

gen and hydroxyl, 85. 



en, 84. 



Seleniuretted hydroj 
Senarmontite, 131. 
Serpentine, 103. 
Signs, use of, 16. 
Smcates, 102. 

Aluminic calcic disilicate, 103. 
„ calcic trisilicate, 103. - 
„ tricalcic trisilicate, 103. 
Anorthite, 103. 

Calcic magnesic disilicate, 103. 
Chloropal, 103. 
Diglucinic silicate, 102. 
Dihydric aluminic tetrasilicate, 
103. 
„ trimagnesic disilicate, 
103. 
Dimagnesic silicate, 102. 
•Diopside, 103. 
Dioptase, 173. 
Dipotasac aluminic hexasilicate, 

103. 
Dizincio aluminic hexasilicate, 

102. 
Bizirconic aluminic hexasilicate, 

102. 
Emerald, 103. 
Enstatite, 102. 
Felspar, 103. 
Feme trisilicate, 103. 
Grossularia, 103. 
Hydric cupric silicate hydrate, 

173. 
Labradorite, 103. 
Meerschaum, 103. 
Monomagnesio silicate, 102. 
Okenite, 103. 
Orthose, 103. 
Peridote, 102. 
Phenacite, 102. 
PyrophyUite, 103, 
Serpentine, 103. 
Steatite, 103. 
Talc, 103. 

Tetrahydrio calcic disilicate, 
103. 

„ dimagnesic trisi- 

licate, 103. 
Tetramagnesio pentasilicate, 

103. 
Triglucinio aluminic hexasili- 
cate, 103. 
Trimagnesic tetrasilicate. 103. 
WiUemite, 102 
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SilioatdB (continued). 

Zircon, 102. 
Silicic bromide, 100. 
„ chloride, 99. 
„ ethide, 385. 
„ fluoride, 100. 
„ hydride, 99. 
„ sulphide, 104. 
Siliciferous manganeee, 19L 
Silicium, 97. 
Silicon, 97. 
„ adamantine, 98. 
„ amorphous, 97. 
,, compounds of, with oxygen 

and hydror^l, 101. 
„ graphitoidal, 98. 
SiUimanite, 177. 
Simple radicals, 26. 
„ substances, 1. 
SUver, 154. 

Argentic chloride, 154, 165. 
„ hydrate, 155. 
„ iodide, 154, 155. 
„ nitrate, 154. 
„ oxide, 154, 155. 
„ peroxide, 155* 
„ sulphate, 154. 
Argentide, antimonious, 127. 
Argentous oxide, 155. 
Silver, compounds of, with oxy- 
gen, 155. 
„ elance, 154. 
„ horn, 154. 
„ ore, dark-red, 154. 
Trisulphargentic sulphantimo- 
■ nite, 137. 
Soda ash, 152 
Sodio carbonate, 151. 
„ chloride, 151. 
„ hydrate, 151. 
„ oxide, 151. 
„ nitrosulphate, 70. 
„ pyrantimoniate, 135. 
„ sulphide, 152. 
Sodio'zincio ethide, 391. 
Sodium, 151. 
Solid phosphoretted hydrogen, 108, 

110. 
Spar, lead, 183. 

„ manganese, 190» 
Spathic iron ore, 195. 
Specular iron, 192. 
Spinelle, 176. 



Spirit of whie, 250. 
Spodumene, 176. 
Stannic compounds (see Ti^). 
Stannous compounds (see lin). 
Statical formulce, 26. 
Stearin, 268. 
Steatite, 103. 
Stibines, 363, 370. 

„ salts of, 380. 
Stibnite, 136. 
Strontianite, 160. 
Strontic carbonate, 160. 
„ chloride, 159. 
„ hydrate, 159. 
„ oxide, 159. 
„ peroxide, 160. 
„ sulphate, 160. 
Strontium, 159. 
Struvite, 163. 
Strychnine, 370. 
Substances, compound, 1. 

„ simple, 1. 

Substitution deriyatiyee of benzol, 

239. 
Suocinamide, 374. 
Succinic series of acids, 339. 

„ series, relations of, to acetic 

series, 341. 
„ series, relations o^ to dyad 

radicals, 340. 
„ series, relations of, to lactic 
series and to glycols, 
340. 
Succinimide, 373, 376. 
Sulphantimonic anhydride, 138. 
Sulphantimonites, 137. 
Sulphantmionious anhydride, 136. 
Sulphargentic metasulphantimonite, 
137. 
„ sulpharsenite, 125. 

Sulphates, 79, 80. 
Sulphhydrates, 71. 
Sulphhydric acid, 71. 
Sulphide, antimonic, 136, 138. 
„ antimonious, 136. 
„ arsenic, 124, 125. 
„ arsenious, 124. 
„ blsmuthous, 144. 
„ borio, 56. 
Sulphides, 71. 
Sulphites, 76. 
Sulphobismuthites, 145. 
Sulphocarbonates, 73. 
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Salphoouprofloferrous pyrogalphan- 

timonite, 137. 
Sulphocuproos metosulphantimo- 

mte, m. 
Sulphoferroua metasulphantimonite, 

Sulphc^ydrate, ouprio^ 171. 
Sulphophenylurea, 369. 
Sulphoplumluo metatulphantimo- 
nite, 137. 
n PTromilphantimo- 

nite, 137. 
„ sulphobiamuthite, 

145. 
Sulphoaalts, definition of, 12. 
Sulphoeulphatee, 81. 
Sulphur, 69. 

,, alcohol, 251. 
„ allotropic yariedee of, 70. 
„ an analogue ai o^sen, 70. 
„ compounds of, with basy- 
lous or positiTe elementa, 
70. 
„ compounds of^ with oxygen 
and hydroxyl, 74. 
Sulphuretted hydrogen, 71. 
Sulphuric diozydicmoride, 70. 
Sunace, measures of, 33. 
Symbolic notation, 14. 
Symbols, 6, 14. 

„ of chief inorganic com- 
pound raduaJs, 28. 
„ table of, 6. 
Systematic names, 8. 

„ names of beset, 11. 

TaUe of atomic wei^ts, 6. 

„ chlorous elements, 4. 

„ elements, 6. 

„ metalloids, 6, 32. 

„ molecular Tolumee, 3. 

„ non-metals, 6, 32. 

„ symbols, 6. 
Talc, 103. 
Tartar, cream of, 132. 

„ emetic, 132. 
Tartaric or glyozyloid Mrivof addfl, 

351. 
Telluric bismuth, 145. 
Tellurium, 85. 

„ compounds o( 86. 
„ ethide, 388. 
Tellurous diethoxide, 388, 390. 



Telluioas diethiodide, 388, 390. 

diethosulphate, 388. 
Temperatures, 34. 

Tertiary acids of the fisitty series, 298, 
311. 
diamines, 368. 
monacid alcohols, 254. 
monamides, 374. 
monamines, 364, 366. 
monarsines, 377. 
radicals of the methyl series, 
208. 

Tetrachloride, carbonic, 57. 
Tetrad elements, 57, 175, 178, 180. 
Tetrads, definition of, 2a 

list of, 32. 
Tetradymite, 145. 
Tetramines, 364 
Tetratomic molecules, 3. 
Tetrethylammonio hydrate, 377. 
Tetrethylarsonic chloride, 120. 
Tetrethyl stibonic chloride, 125. 
Thallic carbonate, 153. 
„ chloride, 153. 
„ nitrate, 153. 
„ oxide, 153. 
„ perohloride, 153. 
M peroxide, 153. 
„ sulphate, 153. 
„ sulphide, 153. 
Thallium, 153. 
Thebaine, 370. 
Thick letters, use of, 16. 
Tincal, 55. 
Tin, 104. 

Distannic hexethoxide, 390. 
Hypostannic ethide, 387. 

,, ethodiniodide,387. 

Stannic acid, 104. 
„ anhydride, 104. 
„ chloride, 104. 
„ chlorodiethide, 388. 
„ chlorotriethide, 387. 
„ ethide, 387, 390. 
„ ethodimethide, 387. 
„ iododiethide, 387, 390. 
„ iodotriethide, 387, 390. 
„ iododimethide, 392. 
„ iodotrimethide, 392. 
„ methide, 392^ 
„ oxide, 104. 
„ sulphide, 105. 
„ triethohydrate,387,390. 
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Tin {coTitinued), 

Stannous onloride, 1Q4. 
„ ethide, 387. 
„ hydrate, 104. 
„ oxide, 104. 
,, stannate, 105. 
,, sulphate, 106. 
„ sulphide, 105. 
„ sulphostannate, 105. 
Stanntriethjuc alcohol, 388. 
„ chloride, 388. 

ether, 388. 
„ haloid ether, 

388. 
Tin, compounds of, 104. 
Titanic acid, 106. 
„ anhydride, 106. 
„ oxide, 106. 
„ sulphide, 106. 
„ tetrachloride, 106. 
Titanium, 106. 

„ compounds of, 106. 
Titanous oxide, 106. 
Toluol, 237. 
Triaoetm, 362. 

Triacid alcohols, 244, 245, 267. 
„ alcohols, ethers of, 279. 
Triad hasylous radicals, 220. 
„ compound radicals, 27. 
„ elements, 51, 174. 
„ positive radicals, haloid ethers 
of, 281. 
Triadelphic type, 202, 203. 
Triads, definition of, 20. 

„ list of, 32. 
Trialkalamides, 375. 
Triamides, 375. 

„ primary constitution of, 

375. 
„ secondary and tertiary, 
375. 
Triamines, 364. 

„ diacid salts of, 379. 

„ monacid salts of, 379. 

„ normal salts of, 379. 

Triamylamine, 367. 
Triamylstibine, 128. 
Triatomic molecules, 3, 19. 
Tribasic acids, 352. 

„ acids, aoonitic or acryloid 

series, 353. 
„ acids, citric or lactoid series, 
353. 



Tribasic acids, deeoxalic or glyoxy- 
loid series, 353. 

„ acids, tridarballylic or ace- 
toid series, 352. 
Tribrombenzol, 240. 

„ hydrobromate, 240. 

Trichloranilme, 376. 
Trichlorbenzol, 241. 
Trichlorhydrin, 282, 289. 
Trichlorinated &c. amines, 363, 375. 
„ methylic chloride, 

285. 
Triethylamine, 367. 
Triethylarsine, 371. 
Triethylphosphine, 371, 385. 
Triethylstibine, 128. 
Triethylsulphine iodide, 70. 
Trimercuric diamide, 170. 
Trimethylamine, 367. 
Triphylline, 152. 
Triple phosphate, 119. 
Trisodic phosphate, 119. 

,, sulphophosphate, 114. 
Trititanic tetranitride, 106. 
Trivial names, 8. 
Tumbull's blue, 227. 
Turpeth mineral, 168. 
Type, ammonia, 202. 

„ ammonic chloride, 202. 

„ condensed diadelphic, 202, 
203. 

„ diadelphic, 201, 202. 

„ double monadelphic, 202, 203. 

„ marsh-gas, 201. 

„ methyl, 201. 

„ monadelphic, 202, 201. 

„ olefine, 202. 

„ triadelphic, 202, 203. 
Types of organic compounds, 201. 

Union, molecular, 30. 
Urea, 368. 

„ a diamine, 369. 
„ derivatives of, 368. 
„ formation of, 368. 
„ reaction of, S69. 
Use of signs, 16. 
„ of the bracket, 16. 
„ of the crith, 35. 
„ of thick letters, 16. 

Valentinite, 131. 

Variation of atomicity, apparent, 20. 
U 
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Variitkm of atomiohj, Uw <^ 21. 
Varieties of ■ulphur, 70. 
Varrioite, 189. 
Vermilion, 168. 
ViTianite, 119. 

Vinjl Boriet, ethers of the, 272, 276. 
„ series, monaoid iJo(^ls of 

the, 255. 
„ series, radioali of, 210. 
Titriol, leMl, 182. 
„ ochre, 194. 
Volume, molecular, 2, 3. 
Volumes, 3. 

law oC a 

Water, 43. 

„ ofoT78tallisation,30,4a 
Wayellite, 119. 
Weight, atomic, 2. 

„ measures of^ 34. 

„ molecular, 2. 
Weij^ts and measures, 32. 

„ atomic, table of, 6. 
Wemerite, 177. 
White compound of Beiset, 179. 

„ lead ore, 18a 
Willemite, 102, 165. 
Witherite, 156. 
Worthite, 177. 



Xenolite, 177. 
Xylol, 237. 

Zinc, 164. 
„ blende, 164. 

„ compound o( with oxygen, 165. 
„ ghtts,165. 
Zincic amide, 386. 

„ amylide, 391. 

„ carbonate, 164, 166. 

„ chloride, 164. 

„ dinitroethylate, 385. 

„ ethide, 381, 389. 

„ ethiodide, 385. 

„ ethvlate, 381. 

„ hydrate, 164, 166. 

„ methide, 391. 

„ methide ethylate, 386. 

„ methyldithionate, 386. 

„ oxide, 164, 165. 

„ proj^ionate, 385. 

„ succinate, 381. 

„ sulphate, 166. 

„ sulphide^ 164. 
Zincide^ antimonious^ 128. 
Zinooxyl, 28. 
Zircon, 102. 
Zoisite, 176. 
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